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PREFACE OF THE SECOND EDITION 

T he improvements in the art of metallurgy have rendered a new 
edition of this handbook necessary, although it is to be regretted that 
certain information known to the contributors and to the Editor must 
remain unpublished because of security considerations. 

In general, the plan of the first edition is repeated in the second. 
An attempt has been made to conform more closely to the idea of treating 
only of the reduction and refining of the metals and in the main to omit 
considerations of their working and utilization after production. This 
has resulted in the deletion of the chapter on Metallography and the 
addition of a chapter on Drying in its place. 

Another departure from the general plan of the first edition is that 
each volume is indexed separately and it -will be necessary to consult the 
indexes of both in order to make certain one has all the references to the 
subjects. 

I wish to make special acknowledgement of the careful reading given 
the chapter on Aluminum by Mr. G. C. Riddell. 

Donald M. Liddell. 

New York, N.Y., 

August, 1945. 
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PREFACE OF THE FIRST EDITION 

T here are certain processes and materials that are common to all 
metallurgical operations: the use of refractories, of fuels, general 
methods of concentration, of filtration, etc. It has been my attempt to 
pick out these metallurgical common factors and to give each of them 
treatment in a separate chapter, following these chapters with others 
describing the metallurgy of each metal; or, in some cases, two or more 
metals, when there is no basic difference in their metallurgy, are treated 
in one chapter. 

The scheme of treatment in the various chapters is not uniform — ^it 
intentionally is not so. In general the attempt is made to treat at great- 
est length those metals of prime comnaercial importance, but this plan 
is departed from if it is felt that existing literature on a certain metal is 
not readily accessible to the ordinary metallurgical engineer. While 
with copper, lead and similar metals, the subject matter of the chapter 
is the extraction of the metal from the ore, in the case of such metals 
as magnesium and aluminum, where it is extremely unlikely that the 
average engineer will ever be called upon to design a reduction works, 
or to work in any plant except one with an established metallurgy, much 
of the space is given to the useful alloys of the metal and how to work 
with them. In some cases analytical methods are given when it is felt 
that existing literature is deficient. 

There is much that is elementary. The book is designed for the 
student as well as for the engineer and consultant, yet it is hoped that 
there is enough advanced material to make the book useful to the metal- 
lurgist of experience, particularly if he is confronted with problems some- 
what outside his oAvn specialty. There is no attempt to give extensive 
tables of basic data — ^for these the seeker is referred to International 
Critical Tables, the tables of the International Congress of Applied 
Chemistry, or to Landolt, or to the editor’s “Metallurgists’ and Chemists’ 
Handbook.” 

To the contributors is due more than their signed work indicates, as 
there has been much cooperative correction and criticism. I must, 
however, acknowledge special indebtedness to Percy E. Barbour, who 
took over all work on the book during my various absences from the 
United States during the period of its preparation, and also to H. A. 
Megraw and Dr. Colin G. Fink, who have given liberally of their time, 
and to Thomas A. Wright, of Lucius Pitkin & Co., for his hints regard- 
ing rare-metal recovery. Liddell. 

Bamimokb, Md., 

May, 1926. 


ix 



CONTENTS 


Paqb 

Preface to the Second Edition vii 

Preface to the First Edition in 

Chapter 

I. Aluminum (Liddell) 1 

II. Magnesium (Liddell) 44 

Bbryllum (Liddell) 67 

III. The Alkali and Alkaline Earth Metals (Loonam) 73 

IV. Arsenic (Smith) 94 

V. Antimony (Riddell and Wang) 104 

VI. Bismuth (Smith) 139 

VII. Lead (Bowman) 144 

VIII. Treatment of Electroly’tic Slime and Zinc Crust (Jones) .... 216 

IX. Metallurgy of Copper (Pyne) 227 

X. Refining of Gold and Silver Bullion (Wagor) 275 

XI. Hydrometallurgy of Gold and Silver (Sharwood) 289 

XII. Hydrometallurgy of Copper (Tobelmann) 345 

XIII. Electrolytic Refining of Lead (Reinberg) 370 

XIV. The Electrolytic Zinc Process (Laist, Caples, and Wever) 379 

XV. Pyrometallurgy of Zinc (Ingalls) 444 

Cadmium (Ingalls) 469 

XVI. Mercury (Gould) 473 

XVII. The Role of Chlorine in Metallurgy (Croasdale) 517 

XVIII. Chromium (Perkins) 556 

XIX. Manganese (Hersam) 566 

XX. Cobalt (Schaal, Murphy, and Launch) 583 

XXI. Nickel (Liddell) 593 

XXII. Ferroalloy Metals (Doerner) 615 

XXIII. Radium and Uranium (Doerner) 637 

XXIV. Tin (HaUett) 656 

XXV. Minor Metals (Liddell) 680 

Appendix 707 

Index 


XI 



HANDBOOK 

OF 

NONFERROUS METALLURGY 

RECOVERY OF THE METALS 

CHAPTER I 

METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 

By Robert J. Anderson, ‘ B. Sc. Met. E., D. Sc. 

Introductory. — Aluminum is one of the lightest of the metals that are used in large 
quantities, having a specific gravity of 2.70 ± ; once obtained as pig by modern reduc- 
tion processes, it can be cast, worked, alloyed, and fabricated with moderate ease; 
metallurgically, it is one of the most interesting metals, but not one-tenth so much 
scientific investigation has been given to it as to iron. The merits of aluminum and 
aluminum alloys have been forced upon the engineering trades against a not incon- 
siderable opposition, and their worth as engineering materials has been proved beyond 
any doubt. Aluminum has established a place for itself among the nonferrous metals 
because of its intrinsic worth and, particularly, through its applicability to aircraft 
construction. Although aluminum is one of the most abundant metals of the earth’s 
crust, it is at the same time one of the newest metals that have attained commercial 
importance. 

Historical Survey. — Aluminum, as a metal, cannot lay claim to great antiquity, as 
contrasted with iron, copper, and the copper alloys, and it was a rare metal as late 
as 1850. , Civilization is indebted to H. Sainte-Claire Deville for the pioneer work on 
reduction processes for the manufacture of metallic aluminum, but other investigators 
had carried out work prior to the eminent French chemist. Aluminum was first 
isolated by Oersted in 1825, who reduced aluminum chloride with potassium 
amalgam. The discovery of the metal has often been credited to Wohler, who<*in 
1827 reduced the chloride with potassium. Up to 1845, Wohler had been able to 
produce only small amounts of aluminum, but stUl the amounts were sufficient to 
determine most of its properties. The attempts of early investigators to produce 
aluminum are described at length in some of the older texts (cf. Richards[2], Minet[3], 
ci al.).- 

To H. Sainte-Claire Deville belongs the honor of having isolated aluminum in 
fairly large amounts in 1854. Deville first made aluminum by the reduction of 
aluminum chloride with potassium, and later improved the process, substituting the 

' This chapter has been ro\’ised by the editor, 1044. 

* Throughout this chapter reference numbers apply to the appended bibliography, except in the case 
of obvious footnotes. 
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cheaper sodium for potassium PeMlle fdso perlected processes for the manufacture 
of sodium, which greatly reduced the price of both sodium and aluminum The 
Deville pro‘'esses, honever, uere all expenstce and not adapted to the cheap produc- 
tion of alummum in large tonnages Ahunmum was made m small amounts m France 
and England by the Deville-Castner sodium-reduction method until the mvention of 
the Hall H^roult process m 1886-1887, which drove all other processes from the field 
In 1886, the Conies processU^l calling for the reduction of alumina by carbon in the 
presence of a metal (« g , copper) in the clectnc furnace, was patented and used com- 
mercially This was the first successful thermal process, but it yielded aluminum 
alloys and not aluminum 

In 1886, Hall in America and Bdroult m Europe found mdependently that alumma 
dissolved m a liquid bath of aluminum fluonde and the iluonde of another metal 
yielded an electrolyte that would be decomposed by the electnc current according to 

A1,0, = 2A1 + 30 

The effect of the Hall-H^rouU electrometallurgical method on the price of aluminum 
was felt soon after 1886, and alt other processes were driven from the field by 1892 
In 1855, the price of alummum was $113 pet poimd, in J890 it was $2 38, in 1900 it 
was 23 cents, and in 1920 the lowest price, 16M cents, was reached, until the present 
war In the interim from 1920 to 1939, the price varied from 20 to 33 cents 

Many workers have been associated with the rise of the aluminum industry In 
addition to those mentioned above may be mentioned the names of Pavy, Bun- 
sen, the Tissier brothers, Webster, Gratzel, Kleuier, Motssan, Hu&, Guilini, Askenasy, 
Bradley, Winteler, Serpek, Doremus, Krause, Grabau, Frishmuth, Ketto, Welden, 
and Bicnsrds 

Ptedttceta and Outgut — The aluminum industry of the world has grown by leaps 
and bounds smee the metal became relatively cheap commercially In tonnage, 
aluminum now stands second among the nonferrous metals, and it is exceeded only 
by copper The optumstic forecast that Dr J W Bicharda made in the early years 
of this century, that the production of aluminum would overtake that of lead by 
1330 and zinc by 1940, was not fulfilled, but it is interestmg to note that in 1943 
with a production of 1,840 358,000 lb m the United States it passed both of these 
nonferrous metals 

Aluminum Ores and Bauxite Mining — Aluminum is the most abundant of th** 
commercial metals and is third m abundance of the elements in the earth’s crust, 
following oxygen and aihcon Alummum is nearly twice as abundant as iron, and 
constitutes about 7 85 per cent of the earth's crust (Clarke) Alummum is an essen- 
tial constituent of all important rocks, except the sandstones and limestones, but even 
ux thfiSR. ita. comiyiiuida ace comm/ia wn.piis'.Vfta A.i.v m.wj .im. r-Aves 'mrjist znd, 
except for its fluorides, it invariably occurs as oxidized compounds Thus, it is found 
mainly in the silicates, such as the days, micas, and feldspars, as the oxide, corundum, 
as the hydroxide, bauxite, as the fluonde, ux cryolite, and also in various phosphates 
and sulphates Although aluminum minerals occur widely, few of these can be 
employed as ores in the manufacture cd alummum Bauxite is the base ore for alumi- 
num reduction and bears the same relation to aluminum that hematite does to iron 
Cryolite, either natural or artificial, j& the basis of the reduction-cell bath The 
utilization of other matenaU will be di&cossed later in this chapter 

Bauxite and Related iVineroZs —Theoretical bauxite has been given the formula 
AUO« 2HiO, but the usual ore has a chemical composition midway between diaspore, 
AliOi HjO, and gibbsite, AljO, SHjO, sometimes it is near the one and sometimes near 
the other Bauxite is an earthy mineral and never crystallized, it occurs in a variety 
of forms, but usually has & pisohtie or oolitiG structure, -with rounded concretionary 
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grains embedded in a claylike mass. The color ranges from light cream through 
various shades of brown to a deep brownish red, depending on the iron content. 
Bauxite takes its name from the village of Les Baux, near Arles in France, where it 
was first found by Berthier. The following physical properties of bauxite may be 
noted as an aid to identifying the mineral; hardness, 1 to 3 (Mohs’ scale) ; specific 
gravity, 2.55; melting point — on heating it changes to AI2O3, which, when pure, melts 
at 1880 to 2050°C.; index of refraction, 1.57 ; color, white, cream, yellow, brown,. gray. 



Fio. 1. — Miorostructure of bauxite pisolite with oolitic matrix; Xll. (Shearer.) 


or red; streak, variable; luster, dull to earthy ; cleavage, irregular fracture; transparency 
opaque; tenacity, crumbly. Diaspore and gibbsite are associated with bauxite and 
found under the same conditions. Latcrite is an aluminous ore, which is essentially 
a mixture of iron hydrate, aluminum hydrate, and silica in varying proportions. The 
Indian aluminum ores are laterites. Figure 1 shows the microstructure of a hard, 
high-gr.ade, pisolitic bauxite from Georgia. 


zResidual mantle 
\ja-Pisolitic. bauxite ,,’' « 


Te depth 
not known 


\*. ■> 0° * « . '“o » ®c/^ A 


rfled or chocolate 


bauxite thin beC 


bottom of pit 




'^-iDrainaq/? Hitrh 


Fig. 2. — Typical bauxite deposit. (Hayes.) 


Various theories have been advanced by geologists to account for the deposition 
of bauxite in the earth’s crust. Bauxite occurs under a variety of conditions that 
suggest dissimilarity of origin, and no one theory appears to account for all cases. 
Figure 2 shows a section of a typical bauxite deposit. The theory of deposition has 
been discussed by Haycs(15] among others. 

Commercial Bauxites. — Bauxite occurs at a number of places in the world, but 
high-grade deposits are not numerous, and it appears that known bauxite reserves 
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havf & !o«fr ratio to annual u»e than ha\e tho ores of anj other romtnon metals 
Comm*rcjal liauiitc ora » a hjdrated oxide of aluminum, or a mature «inipo<od of 
at least two and probal>l> three h>dratw, n>K«l ’Mth \ano«s impuniics, etueflv iron 
oxide, eihea ria}, and titanis Other unpunliespn’stnt are calcium oxide, mapiesia, 
potasoium oxide, and fodium oxide, in aubonlusato amount The water content, both 
fnecbanical and combined, u x arable oxer a w»de range Table 1 gix« the chemical 
composition of aomc bauxites from xninous eourccs, which will serxe to indicate the 
range of a xanet) of deposits The color of bauxitca xanes considerabl> dcponding 
upon the iron-oxidc content, Ijcing whn»li xshen edica » predominant and when 
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Bauxites are used for abrasives, for chemical and refractory manufacture, and for 
the preparation of high-alumina cements, as well as for aluminum reduction; the 
grade of ore required is variable, depending upon the use. For different uses, the 
grades of bauxite desired in American practice are as follows: 

For aluminum manufacture: alumina, AI 2 O 3 , more than 52 per cent; silica, SiO^, 
less than 4.5 per cent; and ferric oxide, FejOs, less than 6.5 per cent. (At the present 
time, bauxite, carrying less than 50 per cent AI 2 O 3 and up to 15 per cent Si02, is being 
used.) High-grade bauxites for aluminum manufaeture sometimes contain 58 to 65 
per cent AI 2 O 3 , as little as 1 per cent Fe203, and 3 to 5 per cent Si02. 

For chemical purposes (alum and aluminum sulphate preparation): alumina, 
AI2O3, more than 52 per cent; low ferric oxide and titania are preferable, e.g., less 
than 3 per cent of each, hut for some uses less pure ores are employed; requirements on 
silica are not set, but bauxites containing up to 19 per cent Si 02 are used. It is defi- 
nitely required that the alumina shall go readily into solution in dilute sulphuric 
acid. 

For abrasives: various grades of bauxite are employed, but those low in iron and 
titanium are preferred. Generally, the requirements are: less than 5 per cent Si 02 , 
preferably 3 per cent; 2)^ to 4 per cent Ti 02 ; and 3 to 5 per cent Fe 203 . 

For refractories: the principal requirement is low iron and titanium contents, but 
the silica may be fairly high. So-called high-alumina clays, containing 48 to 52 per 
cent AI 2 O 3 , and high-grade diaspore, containing up to 80 per cent AI 2 O 3 , are now used 
in the refractory industry. 

Cryolite . — Cryolite is an aluminum mineral of the composition NasAlFe 
(or 3 NaF.AlF 3 ), required in the production of aluminum, being the chief constitu- 
ent of the electrolytic hath and used to dissolve the alumina. The actual composition 
of pure crjmlite is 32.8 per cent sodium, 12.8 per cent aluminum, and 54.4 per cent 
fluorine. The only commercial source of cryolite is the deposit at Ivigtut, Araukfiord, 
South Greenland, owned by the Kryolith Mine & Handelsselskabet, A/S, of Copen- 
hagen, Denmark. The high price of cryolite has led to the production of artificial 
cryolite, and this is now used generally in aluminum manufacture. Methods of 
preparation for artificial cryolite are described by Pattison[4], Mortimer[ 8 ], and 
others. In the Howard process,' the artificial product is prepared by the interaction 
of aluminum fluoride and sodium nitrate in the presence of ammonium fluoride, 
according to 

AI2F2 -i- 6NH^F + eNaNOa = Al2F4.6NaF -i- 6NH4NO3 

In the Hulin process, pure hydrated alumina is treated with hydrofluoric acid, and the 
resulting product is saturated with sodium dioxide, giving artificial cryolite. Doremus 
also leached aluminous material with hydrofluoric acid. 

Other Aluminum Minerals. — A few other aluminum minerals may be men- 
tioned. Alunite, K2O.3Al2O3.4SO3.6H2O, is a hydrous sulphate of aluminum 
and potassium, found in many places, and worked at Tolfa, Italy, and in Utah and 
Colorado. Alunite has been studied considerably as a source of both alumina and 
potash. Corundum is the sesquioxide of aluminum (AI2O3). It does not occur 
in sufficiently large deposits to make it an ore, but it was formerly used in the Cowles 
process for manufacturing aluminum alloys. The feldspars are an important group 
of rock-forming minerals containing aluminum, and some experimental work is being 
done on them as sources of alumina. The feldspars vary widely in composition and 
include such minerals as orthoclase, KAlSi304, and anorthite, CaAl2Si204. Labra- 
dorite, a feldspar, found in large quantities in Norway, has been used e.xperimentally 
as a source of alumina for aluminum manufacture. Leucite, potassium-aluminum 

'U. S. patents, 15115G0 and 1511561, Oct. 14. 1924. 
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metasihcate, KAl(SiOi)j has been emplojed as a«ourec of both alumina and potash 
The weU known china clay, kaolmite, is a basic orthosilicatc of aluminum, corre- 
sponding to H<\IiSiiOj and is one of the most important minerals of aluminum 
The mmeral kaolin « known ^RnouslJ as %hitc cluna claj, pure white cla>, and 
fullers earth The great puritj of high grade kaolin and the largo available deposits 
stamp It as the logical ore for the manufacture of aluminum, but it cannot be now 
employed because of the cost of separating the alumina from the silica Common 
claj-s are simpb verj impure kaolins SiUimanitc, cjanite and andalusite arc three 
aluminum mmerals of great importance to the cernnwe industry because of their 
conversion on firing to a compound knonn ns mullitc or artificial sillimanitc, nhirh 
latter possesses very useful properties The formula for aillimamtc cyanite and 
andalusite 15 A]]0| SiOi There are many other aluminum bearing minerals including 
some of our prized gems 

Baimte Mudng and Piepaistion — Bauailt « mined ordmanly by open pit 
methods, since the producing bodies arc near the surface Ladoo[44) has discussed 
the mining operations of the American Bauxite Co , m Arkansas, w hich are typical 
of large-scale production The ore bed at Bauxite Saline County , runs about 1 1 ft 
thick, and the overburden is 2d to 140 ft thick In mining, the overburden is first 
stripped oB by steam 'hovel, and the atnpped surface is then cleaned and swept 
The ore IS loosely consohdated but it lausually loo bard to bemincd without blastmg 
Low strength dynamite u used for blasting The loosened ore is loaded by steam 
shovel on can la the Georgia Alabama Tennessee district, the ore occurs in Icn 
tieular and uregular deposits which do not lend themselves to stcam-ebovcl operation, 
and all mming is done by hand 

It should be pointed out that the concentration or beneSciation of loosely consoli 
dated bauxite mixed with clay has been tried at » few mmes m the Umt^ States, 
using log washers, but this practice is now rare here In Germany , ores from many 
small concessions in Hesse were washed at a central washing plant Becently, eon 
Biderable interest has been display ed m the possibility of bencficiatioa of low grade 
bauxites and bauxitic clays because of the dn indling of high grade bauxite 1 v erhart 
has shown that clay can be separated from bauxite by w ashing m the presence of small 
amounts of added peptizers, e g sodium hydroxide and the more strongly adsorbed 
sodium salts 

Bauxite, when mined may be given preliminary treatment on the ground depend 
mg on tbe nature of the ore The bauxites found in the Lmted States ordinarily 
contain 15 to 33 per cent combined water, together v'lth a vary mg amount of mechan 
ically held moisture, and, *>incc the ores must ordmarilv be shipped long distances 
it 13 usual to dry the ore at the mmes so as to save freight and to facilitate fine grmdmg 
for later use For the preparation of alumina to be used m tbe manufacture of 
aluminum, bauxite is ordmanly crushed and dned at the mine, but not ground 
finely In crushmg the crude ore is run throu^ gyratory or other types of rock 
breakers and crumbed to small nut size Gyratory breakers are generally used for 
hard ores and disintegrators for soft ores It is desirable to calcme most bauxites 
in order to remove orgamc matter which would interfere with the precipitation of 
aluminum hydroxide in the preparation of alumina, to oxidise ferrous oxide to ferric 
oxide and to remove water which max be present m sufficient amount to form s 
pasty mass and clog the screens in fine grindmg For calcmation the ore may be 
heated at about 600’C m cylindncal rotaiy kilim of the typ® shown m Fig 3 By 
such treatment, the moisture content is reduced to to 1 per cent Kilns for cal 
cmation are 3 to 7 ft indiameter and 30to 100 ft long 

The Bureau of Mmes[78] has earned out some experiments on the flotation of 
bauxite In its work it was found profitable to use e ther gravity or magnetic con 
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centration for the removal of iron and titanium minerals, followed by flotation for the 
recovery of hydrated aluminum oxides and the rejection of the silica. To obtain a 
satisfactory separation between the hydrated aluminum oxides and the kaolinite, 
it is necessary to avoid floccules of finely dirdded bauxite and clay. Sodium hydroxide 
is the preferred dispersant. A pulp of 10 to 15 per cent solids gave the most satis- 
factory results. The most effective collectors for the hydrated aluminum oxides are 
oleic acid and fish-liver-oil fatty acid. The fatty resinous by-products of the paper- 
mill waste hquor are also fairly effective collectors, but they are more pronounced 
frothers. It would appear that if the bauxite w.ere not crystaline in character there 
would be a heavy reagent loss, but the paper referred to does not touch on this phase 
of the process. 



Fig. 3. — Rotary calcining kilns. 


Production of Aluminum. — For the past fifty-five years, the production of metallic 
aluminum on a commercial scale has been carried out in two essential steps: (1) the 
preparation of alumina of high purity from bauxite, and (2) the electrolysis of the 
alumina in a liquid bath of cryolite plus other added salts. The reduction of alumina, 
AI2O3, to aluminum cannot be done by carbon smelting, as with iron, copper, lead, 
and other commercial metals. Or, more precisely, alumina can actually be reduced 
by carbon, but, at the temperature and conditions of such reduction, the aluminum so 
reduced either volatilizes, oxidizes, or interacts with carbon monoxide or dioxide, 
forming aluminum carbide or aluminum oxide. Modem processes for aluminum 
reduction depend primarily on the preparation of substantially pure alumina, and 
♦this is the first step in the treatment of bauxite after calcination and grinding. 

As pointed out previously, crude bauxite contains varying amounts of ferric 
oxide, silica, titania, and other impurities; these oxides must not be present in the 
alumina which is added to the electrolytic bath, otherwise the reduced metals, iron, 
silicon, etc., wiU appear in the resultant aluminum. It should be emphasized that 
one of the chief difficulties in the metallurgy of aluminum lies in the fact that the 
metal, after being produced, cannot be readily refined, as can copper and others of the 
commercial metals, and the purity of the metal secured by electrolytic dissociation 
depends primarily upon the purity of the alumina and the electrolytic bath. Many 
patents have been issued which apparently cover every conceivable method for 
obtaining aluminum from aluminum-bearing minerals, but the only commercial proc- 
ess is that one calling for the electrolytic dissociation of alumina dissolved in a liquid 
bath of cryolite plus other added salts. Electrolytic methods for the dissociation of 
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aluminum compounds are not applicable in aqueous solution, and fused electrolj'tea 
must be employed For the electrolytic process, a primary requisite for commercial 
practice is a source of cheap electnc current, smce an enormous amount of current 
13 required and most of the alummum reduction plants in the world, except certain 
onesm Germany, consume electnc energy derived from hydroelectric plants For this 
reason, aluminum-reduction plants are nonnally situated •within easy access of watcT 
falls, and steam raised electnc power is rare as a source of current for economical 
aluminum production 

Preparabon of Alumina — In the present Hall Hdroult process, the raw matenals 
for the production of aluminum include substantially pure alumma, cryolite (plus 
calcium and alummum fluorides for the bath), and carbon electrodes, and the first 
step m the manufacture of the metal consists in the purification of bauxite by chcmicsl 
methods, whereby substantially pure alumina is produced There are two mam 
processes for the preparation of ^umina, although many patents have been taken 
out for doing this in one ■w ay or another These processes are (1) the Bayer process, 
and (2) the Deville Pechiney process The preparation of alumina has been dis- 
cussed at length in the literature 12, 4, 8, 11, 30) 

The usual process employed for the preparation of alumma from bauxite is the 
Bayer process, a wet chemical method In this, the chemical pnnciple mvolved is 
the formation of sodium alummate by the treatment of bauxite with aqueous sodium 
hydroxide and the subsequent precipitation of alummum hydroxide from the sodium 
alummate, followed by calcmation of the aluminum hydroxide to alumma, AliOi 
In practice, calcined bauxite is first ground, c g , in a ball mill, to 100 mesh or finer, 
and this is next mixed with aqueous sodium hydroxide, specific gta'vity 1 45 {44 8®B4 ) , 
m a vessel fitted with stirrers After intimate stirring, the mixture is then run into 
steam-jacketed autoclaves and digested for 2 to 8 hr under 50 to 70 lb pressure at 
150 to 160®C The alumma of the bauxite is acted upon by tbe sodium hydroxide 
with the formation of sodium alummate, according to 

A1,0, + 2NaOH - 2NaA!0, + HjO 

Tbe impurities feme oxide and titania are unaffected by tbe sodium hydroxide, as is 
the greater part of the silica Part of the silica is dissolved and reacts with alumina 
and sodium oxide to form insoluble double alummum sodium silicate Dissolution 
of sibca IS prevented by addmg iime to the bauxite durmg fine gnndmg, which forms 
insoluble calcium silicate and prevents loss of alumina About 90 per cent of tbe 
alumma m the bauxite is dissolved by the digesting treatment 

When the digesting treatment is completed, the liquor (mcludmg the residue of 
impurities) from tbe autoclaves is blown into large iron settbng tanks of about 1600 
cu ft capacity and allowed to settle for 4 to 5 hr so as to effect separation of the solid 
isspufilms Tbs tied residaec>3alitisssfem>s^iade, sdica, tcisius, sad '3thec asspaft-' 
ties from the bauxite, as well as some alumina not dissolved, and is known as "red 
mud ” This was formerly discarded, but aocne of it is now bemg reworked by the 
limo-soda smtenng process, as a source of further alumma, and for titamum The 
sodium alummate bquor from the autoclaves is first diluted from specific gravity 
1 45 to 1 23 (26 9°B4 ), and after settlmg m the tanks is run through filter presses for 
removing suspended matter and into laige precipitation tanks or decomposmg vessels 
Figure 4 shows a type of tank fitted mtb stirrmg apparatus used by European pro- 
ducers[44] for precipitation of aluminum hydroxide In precipitating alummum 
hydroxide from the sodium alummate bquor, a small amount of freshly prepared 
alummum hydroxide is added to the tank and the whole is stirred (the so-called 
"seedmg'’ operation), alummum hjdronde is precipitated from {he bquor over a 
period of time running up to about CO hr About 70 per cent is precipitated m 36 br , 
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and the remainder precipitates on further standing. The precipitated aluminum 
hydroxide settles to the bottom of the tank, where it is drawn off and put through 
filter presses, yielding a product for calcination to alumina. The sodium-hydroxide 
liquor from the tanks is evaporated in vacuum pans and concentrated to specific 
gravity 1,45 for re-use in the treatment of raw bauxite. 

After filter pressing, the partially dried aluminum hydroxide is calcined so as to 
drive off water and yield substantially pure alumina. This calcination is generally 
carried out in tubular rotary kilns, lined with firebrick, and similar to those used in 
calcining bauxite or burning cement. The 
kilns are run at 1000 to 1100°C. The result- 
ing alumina contains 98 to 99.5 per cent AI2O3, 
and may contain up to 0.30 per cent mechani- 
cal water, 0.50 per cent combined water, 0.20 
per cent silica, 0.10 per cent ferric oxide, and 
other impurities in subordinate amounts. 

After calcination, the alumina is ready for use 
in the electrolytic-reduction cell. 

The Deville-Pechincy (or Le Chatelier- 
Morin) process was formerly the principal 
process for the preparation of alumina, but this 
has been largely supplanted by the Bayer 
process. The former is still used, however, 
for the treatment of bauxites especially high 
in iron and forms the basis of the so-called Fio. 4. — Bayer precipitation tank, 
lime-soda sintering process for impure ores. 

In the original process, ground bauxite, after calcination, is mixed with sodium 
carbonate, about 1 to 3 parts sodium carbonate and 1 part bauxite, and the 
mixture is roasted in a rotary or reverberatory furnace for 2 to 4 hr. at 1000_ to 
1100°C. A small amount of powdered coal is sometimes added to the mix. The 
sodium carbonate combines with the alumina, carbon dioxide is evolved, and the 
impurities are unattacked. The roasting must be done with care to avoid melting 
of the mix, and the product of the roast is a grayish-brown substance, consisting 
of a mixture of sodium aluminate and the impurities. The reaction is 

AI2O, -f Na:CO, = NaAlOs + CO2 T 

After roasting, the mass is lixiviated with hot water, whereby the sodium alumi- 
nate is dissolved, while the silica, ferric oxide, and titania, being insoluble, are left as 
a residue. The liquor is settled for the removal of the solid impurities, as in the Bayer 
process, and is then passed through filter presses, for removal of any suspended matter, 
and then into tall precipitation tanks. For precipitation, carbon dioxide is blown into 
the liquor, and the reaction is 

2NaA102 + CO2 + 3H2O = 2A1(0H)3 -b Na2C03 

This precipitation requires 4 to 5 hr. and is carried out at 70°C. The precipitated 
aluminum hydroxide is- filter pressed, dried, and calcined, as in the Bayer process, 
yielding alumina[76]. 

Some other processes have been devised and actually employed for the preparation 
of alumina, and will be discussed below. Certain otlier methods for obtaining a 
compound of aluminum (such as the fluoride, nitride, carbide, and chloride) from 
aluminum minerals have been worked out. A few of these possess potentialities, 
but the majority of them have no discernible commercial possibilities. "While many 
processes have been devised for the preparation of alumina from clays and other 
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fairly high aluminous minerals none of these had been commercial in the United 
States, under peacetime conditions, thoi^h some had a hinited use abroad A few 
processes that have been employed commercially or have reached the semicommercial 
scale are discussed briefly below 

Treatment of Low-grade Baimtes — Partly owing to the dislocation of steamship 
communications and partly owmg to an actual shortage of high grade bauxite, a 
great deal of attention has been given m the last few years to the recovery of alumina 
from second rate materials Probably in the Umted States the largest amount of 
alumma recovered from low-grade materials has been by the so-caDed “lime-soda- 
sinter process,' sometimes known as the “Deville process ” In this process, the 
material is mixed with limestone and soda ash and calcined the sintered mass is then 
leached with hot water for the extractum of the soluble alumma, the solution is 
treated m an autoclave at a temperature of 160®C and 85 lb pressure under which 
condition the bulk of the silica forms insoluble sodium aluminum sihcate After 
settling and filtering the solution is treated with carbon dioxide for about 5 hr at 
70’C , to precipitate the a!umina[72] 

A variation of this lime-soda sinter process has been tried at the Monohth Portland 
Midwest Co pilot plant at Laramie Wyo At this plant an anorthosite has been 
substituted for bauxite and treated by the lime soda sinter process The results at 
the pilot plant were so encouraging that the WPB authorized the erection of a semi- 
commcrcial plant and indicated that the pilot plant would be used to test the lime- 
soda sinter process on cKjs 

Ammonium Sulphate Exchange Process — In the best known of these processes a 
mixture of pulverized claja and ammonium sulphate is treated at temperatures of 
373 to 400*C in a rotary kiln ammonia being evolved and ammonium aluminum 
sulphate being forraed(71] The reacted mass is then leached at 95 to lOO^C with 
water slightly acidulated with sulphuric acid and the solution separated from the 
insoluble residue The ammonium aluminum sulphate is recovered by ciystallizatioii 
and after being redissolved is treated with the ammonia and ammonium carbonate 
(the last rcsuhmg from the mixture of ammonia with the combustion gases of the 
initial treatment) 

Aluminum h} droxide is precipitated and filtered ofl, and the ammonium sulphate 
18 recovered bv crjstallization for re use with more clay or low grade bauxite The 
basic patents so far as the editor 1 nows are the German patents of Hess (376717 and 
388996) and of Riedel (386614) 

Tlie Buchner process is a vanation of the ammonium sulphate process and is 
sometimes known as the " Aloton process ” In this clay is heated with acid ammon- 
ium sulphate at 200‘’C In other particulars the process is the same as that of the 
preceding paragraphs 

Another vanation of the sulphate decomposition is the Peniakoff process in which 
clay or bauxite and sodium sulphate are heated together with a little coal at 1200 to 
HOO’C 

A1,0, -f Na,SO« -b C = 2NaAlO« -f SO, -f CO 

Sulphuric Aad Process — Practically all ammonium silicates can be decomposed 
with fair cfTicioncy by sulphuric acid at temperatures in the neighborhood of 200*C 
and wuth acids of about 1 25 specific gravity 

Sulphurous Acid Leaching — This reagent has been experimented with for many 
jears, the earliest patent on the subject being E Ra>monds U S patent 650763, 
taken out in 1902, and the latest known to the auUior being Goldschmidt’s 2006851, 
taken out m 1935 Tlie Goldschmidt process leachia with aqueous solutions of SO, 
under pressure at 60 to SO’C Alumma and alommum sulphite are precipitated on 
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release of pressure. The objections reported to the author are a tendency of iron to 
form soluble bisulphites and then to precipitate just as does the alumina, so that the 
precipitated alumina must be purified, and also the fact that the sulphur dioxide 
oxidizes to sulphur trioxide, resulting in a loss of the reagent. 

Nitric Acid Process. — Nitric acid leaching has always been tried experimentally 
at temperatures in the neighborhood of 170°C. and 120 lb. pressure per square inch. 
The high cost of nitric acid and the loss of this reagent have prevented any commercial 
applications. 

Hydrochloric Acid Leaching. — The best known of the hydrochloric acid processes 
is probably that of Chemische Fabrik Griesheim[73]. This is essentially a process 
to treat high-silica bauxites. The alumina and iron dissolve in hydrochloric acid, 
the solution being reduced after this treatment with sulphureted hydrogen. The 
solution is evaporated and heated to 300°C., which hydrolyzes the aluminum chloride 
in its own water of crystallization. If this temperature is not exceeded, the ferrous 
chloride is in the main water-soluble. However, it is reported that even with the 
most careful work, the alumina requires a cleanup with chlorine to free it from the 
last of the iron. 

Dr. Arthur Hixson and Ralph Miller worked on a process for leaching roasted 
clay with concentrated hydrochloric acid[771, converting the aluminum and iron into 
soluble chlorides, but leaving the silica insoluble. The novelty in this process was 
the use of isopropyl ether to remove the ferric chloride from the solution. This could 
then be evaporated and the aluminum chloride hydrolyzed to give alumina and 
hydrochloric acid. The process required the circulation of one ton of isopropyl 
ether per ton of alumina recovered, and this was apparently the main reason for the 
National Academy of Sciences and the WPB refusing materials to give the process 
a trial. This need not be considered final proof that the process is unworkable. 

Hydrofluoric Acid Leaching. — The use of hydrofluoric acid for leaching clays and 
low-grade bauxites has also been experimented with fairly extensively. The patents 
of Dr. Charles A. Doremus (723251 and 725683) are the oldest known to the author. 
Apparently the recovery of alumina was high, but there were heavy losses of the 
expensive reagent as insoluble fluosilicates and as silicon tetrafluoride. 

Recovery from Alunite. — A number of processes have been used for the treatment 
of alunite, K2O.3Al2O3.4SO3.6H2O ; these were well summarized by Robert J. Anderson 
in the Mining Magazine, December, 1936, page 340. At the present time, a plant has 
been constructed near Salt Lake City to use the Kalunite process. The crude ore is 
crushed and given a dehydrating roast at 550°C., which renders it soluble in dilute 
sulphuric acid. The hot calcine is cooled to 200'’C. and given a countercurrent 
agitation and leach in a solution of potassium sulphate and 10 per cent sulphuric acid. 
The countercurrent leach is operated to maintain an excess of roasted alunite in the 
first agitator so that the pregnant solution contains no free acid. This is an important 
step in eliminating impurities. The pregnant solution is filtered out and then cooled, 
normal potassium alum, K2S0<.Al2(S04)3.24H20, crystallizing out. The alum 
crystals are washed, dissolved with dilute potassium sulphate solution, and treated in 
a continuous autoclave at a temperature of 200°C. The potassium alum is broken 
down into a basic alum, K2SO3.3Al2O3.4SO3.9H2O, plus sulphuric acid and potassium 
sulphate. The acid and potassium sulphate arc recycled for the original leach, and 
the basic alum is calcined at 1000°C. to decompose it into alumina and potassium 
sulphate. The calcine is then leached with hot water to remove the soluble potassium 
sulphate, leaving behind the alumina. The leach solution is then evaporated to 
crystallize out potassium sulphate[69, 70], 

The Moffat process is essentially the same except that the alum recovered in the 
process is broken down by a flash roast. 
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Iq Italy both alumte and leueite, K»0 Al*Oj 4Si0i, have been used for the produc- 
tion of alumina and potash The process used for the treatment of leucite is the 
Blanc process, which leaches with dilute sulphuric acid It is reported that agitation 
cannot be used, as the silica gelatinises when agitated and holds up much of the solu- 
tion It IS claimed that if the leaching is done bj straight percolation without agi- 
tation little trouble results from the sihca 

Japan has probably produced much of its alumina by the following four methods 
and the Suzuki process described under Fusion Processes, below In the Asada 
process alumte is calcined at 600®C and is treated with sulphuric acid and potassium 
sulphate After filtering and cooling most of the aluminum salts out as alum The 
mother hquor goes back to the solution cjcle and the potassium alum is decomposed 
into basic alummum sulphate and acid potassium sulphate (See page 11, discussion 
of Kalunite process, for details of further treatment ) In the Okazawa process 
(Shona potassium process), alumte, crushed and calcined at 600®C , is treated with 
potassium hydroxide Potassium aluminate and sulphate go into solution, sUica 
remaining behind (See page 11, discussion of Kalunite process, for treatment of the 
sulphates ) In the Sumitomo process, alumte is leached with sulphuric acid On 
cooling alum and alummum sulphate salt out and are filtered off, redissolvcd, and 
treated with ammonia giving alumina as a precipitate and potassium and ammonium 
sulphates m solution In the Tanaka process, alumte is calcined at 600°C , crushed, 
pulped with water, and treated with about 8 per cent its weight of ammonia Potas- 
sium and ammonium sulphates are left in solution and are recovered for fertilizer 
use The washed residue is treated uith caustic soda (Bayer process) This is 
apparently the process sometimes described as the Showa sodium process 

Fusion Processes for Alumina Produchoo — Treatment of high iron bauxite in the 
electric furnace has been practiced successfully on a commercial scale in Norway[71] 
The PedersoQ process appears to be the one worked oo by our oam Bureau of Mines in 
ft pilot plant to test the process This should not be confused with the Pederson 
process that sinters clay u ith lime and subsequently leaches the melt with soda This 
second Pederson process is of course a modification of the lime soda-suiter process 
The Bureau of Mmes reports that the only practical method of making calcium 
alummate from high-sihca bauxite is by a two-stage treatment In the first stage, 
the silica and iron oxide are reduced to ferrosihcon The molten slag from this oper 
ation, which contains 95 to 98 per cent alumina, is transferred to a second furnace 
w here with the addition of lime monocalcium alummate is produced This compound 
la readily decomposed by sodium carbonate solution, producing a solution of sodium 
alummate from which alumina can readily be recovered 

The Haglund process is also understood to have been m successful use in Scandi- 
navia In the original Haglund process, clay and pjTites were smelted, using a 
reduemg agent to produce ferrosiJicon and an alummum sulphide slag, which was 
later hydrolj zed for the production of alumma (Incidentally, this appears to be 
about the same as the old Halvorsen process ) 

The later Haglund process reduced only about one-fifth of the alumma to alumi 
num sulphide The mixture of aluminum aulphide and alummum oxide gave a lower 
meltmg point slag than that of the onginal process and also cut down the amount 
of ferrosihcon produced and marketed In the newer process, as in the old, ferro- 
Bihcon was produced and formed a heavy layer under the slag The slag was 
decomposed with w ater, and the sulphureted hydrogen that w as generated was sold as 
such or was worked into sulphur for further use in the process 

The Suzuki process reduced clay with coke for the production of ferrosihcon, and 
the residual alumma was cleaned with chlormc at 500 to fiOO^C A long discussion of 
this matter of purifyingferniginousalummaandbauinte was prepared by Dr Colm G 
Fink and V S de Marchi and published by the Electro Chemical Society m its 1938 
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transactions, page 511. E. C. Eckel experimented at Mussel Shoals as earlj"^ as 1934 
on the treatment of low-grade bauxites carrsdng 30 per cent silica and 30 per cent 
iron sesquioxide[74]. From such a bauxite he produced ferrosilicon with a slag 
that carried less than 2 per cent silica and 1 per cent iron. 

The Berger and Kuhne process smelted kaolin, clay, or bauxite with iron pyrites, 
magnesium chloride, and iron filings, aluminum chloride being distilled and con- 
densed. The Miguet process fused clay, lime, and scrap iron with a reducing agent 
to produce ferrosilicon and calcium aluminate, but apparently these processes could 
not produce alumina in competition with the natural bauxite (see U.S. Bureau of 
Mines Report of Investigations 2393). 

Loevenstein Process. — Of interest as an outstanding novelty is the process 
devised by Hirsch Loevenstein and operated on a pilot-plant scale in France by 
Jacques Fondal before the German invasion[77]. Clay is smelted in an electric furnace 
to a mixture of aluminum, silicon, iron, and impurities, and the product is treated in a 
bath of molten zinc. The aluminum only is soluble. The zinc is then distilled from 
the aluminum. 

Serpek Process. — In the Serpek process, aluminum nitride is produced by heating 
ground bauxite and carbon in an atmosphere of nitrogen at 1600 to 1800°C. The 
aluminum nitride formed under these conditions can be decomposed with water. 

AIN + 4H2O = A1(0H)3 -f NH4OH 

The plant of the Southern Aluminium Co. was originally intended to use this process, 
but never worked commercially on it. 

Primary Aluminum Manufacttire. — ^The present commercial process for the 
production of aluminum is essentially the same as that described in the original 
Hall-H4roult patents of 1886 to 1888, and all aluminum made today is produced 
by the electrolytic dissociation of alumina dissolved in a bath of liquid (fused) cryolite 
plus other added salts. The sodium-reduction process need not be considered here, 
since it is only of historical interest, but it is important to direct attention to the 
Cowles alloy process. It should be pointed out that, although HaU applied for his 
patents in 1886, these were not granted until 1889, and in 1886 H4roult also applied 
for a United States patent on essentially the same process as described by Hall. The 
essential difierences in the patent applications were in the composition of the elec- 
trolyte and the design of the furnace, but the two processes are identical to all intents 
and purposes. When the separate discoveries of Hall and H6roult were made simul- 
taneously, there was no patent litigation, but the Hall company took the American 
field and the Hdroult company the European field. 

The Cowles process[12] for the manufacture of aluminum alloys direct from AI2O3 
was patented by A. H. and E. H. CowlesllS] in 1885, and plants for conducting the 
process were built at Lockport, N. Y., and Stoke-on-Trent, England. In essence, the 
Cowles process called for the reduction of alumina by carbon in the presence of a metal 
(c.g., copper) in the heat of the electric arc. Wliile alumina can be reduced by carbon, 
as pointed out previously, the metal so reduced will either combine with the carbon, 
forming aluminum carbide; combine with carbon monoxide or dioxide, forming alu- 
minum carbide or oxide; combine with any oxygen present; or else volatilize. In the 
presence of another metal, however, say copper or iron, the reduced aluminum alloys 
with the other metal, thereby forming an intermediate alloy. In the Cowles process, 
when copper is used, alloys containing 15 to 40 per cent aluminum and the remainder 
copper are produced, and these were diluted with copper in making aluminum bronze. 

In the process, a correctly proportioned mixture of alumina, carbon, and copper is 
placed in an electric-arc furnace and smelted. Copper, or any other metal used for 
alloying, has no effect on the actual reaction, since what takes place is simple reduc- 
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tion of alumina by carbon at elevated temperatures, according to 
.U,0» + 3C « 2AI + SCO 

During the j ears 1885 to 1890, the alloys made by the Cowles process could be pro- 
duced at a lower price per pound of contamed alummum than substantiallj pure 
aluminum itself, and as a consequence a considerable measure of success was bad 
The process is obsolete, but it maj have bad a war revital, to produce certam inter- 
mediate or light aluminum alloys b^ direct reduction from alumma 

Hall Aluminum Process — In 18S6, C M Hall, of Oberlm, Ohio, found[51 that 
alumina dissolved in a liquid (fused) solution of aluminum fluonde and another 
metal fluoride e g , sodium, formed an eleclrolyrtc and that the alumma could be 
dissociated by the electric current, accordmg to 

A1,0, « 2A1 + 30 

Ihe electrometallurgical principle in%olvcd in the procc'.s, then, is the electrolytic 
decomposition of alumina dissolved in a bath of fused fluorides of aluminum and 
other bases, the current causes dissociation of the alumina into aluminum and oxygon 
wnthout appreciably aSccting the solvent This invention caused a revolution m the 
aluminum industry It should bo added that C S Bmdlcy applied for a patent 
covering the electrolytic dissociation of aluminum compounds m 1883, but this patent 
was not grantedI14] until 1892 This Bradley patent was the cau«e of htigation first 
between the Electric Smelting and Aluminum Co (t e , the Cowles company) and 
Paul Hiroult regarding title to it, and second between the Cowles company and the 
former Pittsburgh Reduction Co (» e , the present Aluminum Co of America) 
After long litigation it was decided by the courts that the Pittsburgh Reduction Co 
in using the Hall patents had mtringed the Bradley patent 

In development of the Hall process, it was found that cryohte made a good solvent 
for alumina, and cryohte, os such or plus calcium and aluminum fluorides, is employed 
for the electrolytic bath m present practice In the process, the aluminum is hberated 
and sinks to the cathode, while the oxygen goca to the anode, which it attacks, burning 
to carbon monoxide and finally to carbon dioxide on contact with the air The elec- 
trolysis is earned out in a carbon Imed furnace or cell the carbon hmng serving as 
the cathode and separate carbon electrodes as the anodes In the Hall reduction cell, 
the electric current serves two important functions, vit (1) it keeps the electrolytic 
bath liquid by the generation of heat, and (2) it causes electrolytic dissociation of the 
alumma Theoretically, the decomposition voltage required is 2 8, but in practice 
about three times this is actually used 

As indicated P L V HfrouU, of Pans, Fiance, brought out a process in 1886 for 
the preparation of aluminum by the electrolysis of alumina dissolved in cryolite, and 
this process is identical in pnnciple with that of Hall Hdroult’s first patent* called 
for the preparation of alummum and aluminum alloy’s by the electroly’sis of alumina 
dissolved in cryohte, and in making aluminum alloys a negative electrode of the metal 
to be alloyed was employed This method was never apphed commercially to the 
production of alloys, but it Was used for aluminum In H^roult’s* second method, a 
process for making alummum alloys was specified, m which alumina was melted by 
the electric current and electroly zed by the same current, using a liquid metal, e g , 
copper, beneath the aluminum as the cathode The resulting product is an inter 
mediate alloy of aluminum and copper, similar to that obtamed by the Cowles proc- 
ess Alumina, without copper or another metal present, cannot be electrolyzed to 

I French p»tenl 176711 Apr S3 1886 

•FnnthlTOOOS Apr i5 1887 and U 8 patent 387876 Au* U 1888 and other patent* 
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produce aluminum, since the metal would be volatilized at the temperature prevailing. 
This process was operated for a short time at Neuhausen, Switzerland, but was 
abandoned in 1891, and the production of aluminum taken up in accordance with 
Heroult’s first patent. 

Many methods have been devised for the production of aluminum both before and 
since the invention of the HaU-H6roult process, but all aluminum made now is pro- 
duced by this process. The older methods have been discussed at length in the books 
by Richards[2] and Minet[3] and need not be considered here, but it is of interest to 
touch briefly upon some processes that have been devised in recent years. However, 
none of these is now commercial. 

A method for the production of aluminum directly from aluminum-bearing 
minerals has been patented by Tone,i in which aluminum ore is smelted to aluminum 
carbide with carbon in an electric furnace, and this is then mixed with silica and 
smelted to an aluminum-silicon alloy or with aluminum oxide and smelted to alumi- 
num. The process is uneconomic, even if it is technically sound. Betts^ has patented 
a process entailing the smelting of kaolin in a blast furnace to an iron-aluminuin- 
silicon alloy. This alloy is then oxidized, sulphurized, or chloridized to aluminum 
oxide, sulphide, or chloride, and in the sulphide the compound is electrolyzed to 
aluminum and sulphur. In a patent by Kissock,^ an aluminum-silicate mineral is 
smelted with carbon to aluminum carbide, and this is converted to aluminum sulphide. 
The latter is electrolyzed in a suitable bath. Many carbon-smelting processes for the 
direct reduction of aluminum have been devised, but, as stated, these are all techni- 
cally unsound. A number of patented processes call for the electrolysis of aluminum 
salts in aqueous solution, but these are unsound. 

The fundamental principle of the Hall-H6roult process is the electrolytic dissocia- 
tion of alumina dissolved in a bath of aluminum fluoride and the fluoride of one or 
more metals more electropositive than aluminum, e.g., sodium, potassium, or calcium. 
The composition of the electrolytic bath is especially important, and this will be dis- 
cussed briefly. Both natural and artificial cryolite are used as the base in making up 
baths, and the actual bath composition may vary over a fairly wide range. Cryolite 
melts at 995°C., and the eutectic mixture 81.5:18.5 cryolite-alumina melts at 935°C. 
By the addition of various salts, the melting point may be reduced to 700°C. The 
specific gravity of the liquid bath must be less than that of liquid aluminum at the 
operating temperature, since otherwise the dissociated metal would rise, instead of 
sink, and upset the cell. A typical bath contains 66.8 per cent aluminum fluoride 
and 33.2 per cent sodium fluoride. In the Hall process, the following composition 
has been employed for the bath: 59 per cent aluminum fluoride, 21 per cent sodium 
fluoride, and 20 per cent calcium fluoride. This bath dissolves 20 per cent alumina 
at the operating temperature. Cryolite has a specific gravity of 2.92 in the solid 
state and of 2.08 in the liquid state, while aluminum has a specific gravity of 2.70 in 
the solid state and 2.31 in the liquid state (at 900°C.). Hence at the operating tem- 
perature, the metal collects at the bottom of the bath. 

The theoretical e.m.f. required for dissociation of the alumina in the process is 2.8 
volts, but in practice at least three times this is necessary because of the resistance of 
the bath and connections and small losses here and there in the circuit. In geneial, 
irrespective of the type of furnace, each unit requires 6.5 to 7.5 volts for operation, and 
in starting, a wider range, 5.5 to 8.5 volts, is necessary. It is not economical to build 
dynamo-generators of such low voltage, and consequently 30 to 40 furnaces are con- 
nected in series; thus, the operating voltage for 35 furnaces would be 250 volts. The 

' U. S. patent 9G1913. June 21, 1910. 

* U. S. patent 938034, Nov. 2, 1909. 

’ U. S. patent 1052727, Feb. 11, 1913. 
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current density vanes o\er a rather wide range, eg , 1 5 to 3 amp per sq cm m 
certsm French furnaces, and 6o0 to 750 amp per sq ft in some Amencan cells. 
The current emplojed depends upon the size and the number of electrodes — 8000 to 
10,000-amp hnes are common, and there are larger furnaces using 15,000 to 20,000 
amp Theoreticallj, there should be 033912 g of aluminum produced per ampere- 
hour, or 0 7476 lb per 1000 amp hr The theoretical anode consumption is 0 67 lb 
per pound of aluminum produced, but m practice this amounts to 0 8 to 1 0 lb The 
consumption of alumina per pound of aluminum produced is about 2 lb in practice — 
1 883 lb theoretically — and about 0 1 lb of cryolite or bath material is consumed 



F(a 5 —Koopea redoing cell 


About 12 kw hr is required to produce 1 lb of aluminum, hence a difference of 1 null 
m the cost of pon cr makes a difference of 1 2 cents per lb m the cost of the aluminum 
As mentioned in a later paragraph (c/ Commercial Aluminum, bclowl, the product 
of the Hall H^roult reduction cell is not pure aluminum but contains appreciable 
amounts of impuntics Afanj attempts had been made to refine impure aluminum 
and to produce pure metal, but this bad not been accomplished until the Hoopes 
process was dea eloped The method is described m patent8[71 granted to Hoopes 
and others and owned b) the Alummum Co of America Detailed discussion 
of the process cannot be gi\cn here Briefly, a cell is employed in which there 
arc three horizontal lajcrs, the lowest layer is n liquid aluminum-copper alloy anode, 
Rbo>c this IS a lajer of fused cryolite-banum fluoride solution (the bath electrolyte), 
and floating on top is the cathode of pure hquid aluminum The cell operates at 
al>out 6 aolls and 20 000 amp Cathode metal containing as high as 09 08 per 
cent A1 ha.s lieon prmlucwl in the Hoopes cell in regular operation The mechanical, 
ph> «iral, and chemical properties of pure alummum arc markedly different from Ihoso 
of the onlmarj 99-h per cent commercial metal but the mechanical properties arc 
infcncir to the man> carefully prcpaml alloy’s 

Alumlnum-reductioii Furnaces — All furnaces now m use for the elcetroljtic 
production of aluminum, other than the Hoopes cell, arc esscntiall} the aamc in 
general design, although they \ary considcrahl} m constructional detail The 
usual furnace consists of a rectangular box of mild steel lined with a refractory matenal 
of low thermal and electrical conductiaity, and wtthin this a heavier lining of rammed 
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carbon forming the cathode. This carbon lining is made of petroleum coke with a 
suitable oil or tar binder rammed in place; plates of iron may be molded in the bottom 
to form the cathode connection. In some furnaces, the lining is made as a separate 
unit, which is molded and baked similar to the anodes. There is great advantage in 
this type of lining, since a furnace that becomes inoperative can be renewed with a 
minimum of labor by simply removing the old lining and replacing it with a new unit. 
Figure 6 shows the general lines of the modern Hall-H6roult furnace with the anodes. 
In some furnaces, electrodes of carbon are embedded in the bottom of the furnace. 

In all types of furnaces, the bottom is inclined toward the taphole, and each 
anode is arranged so that it can be operated independently of the others. Alumi- 
num furnaces are built in various sizes, e.g., 8 ft. long by 4 to 5 ft. wide by 2 ft. high, 
and generally rectangular shapes are now in use in place of the former round cells. 

A set of anodes is suspended in the interior of each furnace, and these vary in size 
and length. Anodes are round, square, and rectangular in section, 3 to 16 in. in 



Fig. 6. — Aluminum-reduction cell. 


diameter or width, and the length varies from 8 to 40 in. Anodes are suspended in 
the bath in groups of 8 to 12 and are closely grouped. They are clamped to a heavy 
frame support by suitable connections so that the group as a whole, or each individual 
anode, can be raised or lowered mechanically for control of the current and to ensure 
equal distribution. Various types of furnaces bave been described by Nissen[30]. 

In the operation of a typical furnace, in starting, the bottom is first covered with 
granulated carbon shoveled in loosely, the anodes are then lowered to make contact 
therewith, and the current is thrown on. AsAhe furnace heats, cryolite or a prepared 
l)ath material is added. This melts, and tHe anodes are raised -with an increase in 
the bath volume, and more cryolite is added until the furnace is full. When the 
bath is carrying the requisite current, alumina is charged in small amounts at a time 
until the furnace is in full operation. Of course, other salt additions are made to the 
bath during the starting operation, e.g., calcium fluoride and aluminum fluoride, 
depending upon the bath employed. Alumina is added until the bath contains 10 to 
20 per cent AI 2 OJ in solution. On electrolysis, the aluminum sinks and collects on the 
eathode bottom, from whch it is tapped periodically, and the oxygen liberated at 
fhe anode interacts therewith. In operation, the alumina content of the bath is 
controlled by voltmeters and incandescent lamps connected across the terminals. 
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^^'hen the alumina content becomea low, the furnace \oltage rises from the normal 
7 A oils to 15 to 20 volts The lamps are so connected that when the bath reaches a 
certain resistance thoj light, thus et\iag notice to the operator 

tier) tno or three days, according to the capacitj of the furnace, the liquid 
aluminum is run off through a taphole in the side Tins metal is remelted in order to 
remoA e occluded bath salts and is then cast into pigs, formmg the primary aluminum 
of commerce First-grade aluminum contains 99 to 99 5 per cent A1 (bj difference) 
The cost of production of alnmmum is now 8 to 10 cents per lb 

Manufacture of Carbon Electrodes — Since the anodes come into direct contact 
Acith the bath they must be as free as possible from impurities, particularly iron and 
edica, I e , the ash content must be extremely low, and the manufacture of anodes is an 
important part of modem aluminum production Tetroleum coke is the best material 
for anode manufacture, and m practice the coke is first crushed to small nut size and 



Fio 7 Aluminum ingot (ffn/isA dfumtnum Co Ltd) 


then calcined for 3 or 4 hr at a red heat in a calcining furnace, e g , one of the Meisacr 
type After cooling, the calcined coke is ground, mually with waste electrodes, in a 
ball mill, to pass 1C to IS mesh, of lehich 40 per cent passes 100 mesh The ground 
coke IS next mixed w ith a binder of pitch, or tar and oil, in stcam-jacketed kneading 
machines, and then transferred to electrode molds or presses The usual press is 
hydraulic ni operation, nml pressurca up to 500 atm are iisid 

After the electrode shapes have been formed in a press, they arc air-dricd and 
then baked in a furnace or kiln in onlcr to rcmoAC the volatile binder The teni 
perature of baking is 1000 to 1400®C , depending upon the size and binder, and the 
beating IS done slowly m order to avoid cracking Several day s are required (or firing 
the largest sizes of electrodes Tbe temperature is gradually raised during the opera 
tion, and the electrodes lose about 10 per cent in weight The furnaces are generally 
fired with producer gas, and tbe electrodes are placed m refractory saggers packet! 
with Tctort-catbon powder, ground petroleum coke, or electrode scrap Many tyiJea 
of furnaces are employed m baking, the common ones being the Mendheim tunnel 
furnace and the Mcisscr chamber furnace The apparent density of petroleum- 
cokc electrodes is 1 55 to 1 70, the real density js J 95 to 2 05, and the ash content Jess 
than 0 3 per cent Finished electrodes should haAC nn electrical resistivity of about 
0 0016 ohm T he production of electrodes and the apparatus used have been treated 
in detail by biSRenJSO) The Soderberg continuous electrode has been tried in alumi 
num furnaces The Russians claim to gnnd a scum of carbon, alumina, and bauxite 
that forms m the cells Aiith electrode matcnal thereby saving all of the material 
Commercial Aluminum — The product of the reduction cell, after repidting 
appears on the market as primary aluminum, and this is graded according to the 
amount ot impiinties present Tlie cbiel jtnpuntics are iron silicon, copper, and 
alumina, Ailnlc carbides, sulphides, sodium, nitrogen, and titanium are normally 
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present in very small amounts. Ordinarily, three grades of primary aluminum are 
marketed, viz.: (1) special, containing 99.5 + per cent aluminum (by difference); (2) 
grade No. 1 (or grade A), containing 99+ per cent aluminum; and (3) grade No. 2 
(or grade B), containing 98 to 99 per cent aluminum. Primary aluminum alloys are 
prepared by a remelting operation in which an alloying metal is added to primai-y 
aluminum. In practice, the quality of aluminum is ordinarily based on a chemical 
analysis in which copper, iron, and silicon are determined, and the remainder is said 
to be aluminum. In 99+ per cent aluminum, the content of impurities is usually 
copper, trace to 0.20; iron, 0.25 to 0.60; and silicon, 0.15 to 0.40 per cent. Alumina, 
A 1 .i 03 , is a normal impurity in commercial aluminum. 

Chemical Properties of Aluminum. — The chemical properties of aluminum 
are remarkable and of great importance. The chemical properties of the metal 
and its interactions with various substances have been ably discussed by Little[6] 
and Mellor[10] in their books, and these may be consulted for detailed information. 
Aluminum is very reactive chemically and under proper conditions combines readily 
with oxygen, the halogens, nitrogen, sulphur, and carbon; it is readily attacked 
by some acids, but not at all, or slightly, by others; and it is readily soluble in alkalies. 
The chemical properties of light aluminum alloys are, in general, similar to those of 
the substantially pure metal. Aluminum is a silvery-white metal wth a slightly bluish 
tinge, and it has great coloring power, t.e., it readily whitens colored metals in alloys. 
Aluminum forms one series of salts in which it is trivalent, and the salts are derived 
from the basic oxide, AljOa. Aluminum salts are nonpoisonous; consequently 
aluminum cooking utensils are preferred to tinned steel utensils. On the basis of the 
ionic hypotheses, the salts of aluminum dissociate in aqueous solution, according to 

A1X3^A1+++ + 3X- 

yielding the colorless cation Al+'*"h The ionic mobility of the cation H A1+++ is 
40.4 at 18°C., according to Heyweiller. Aluminum stands high in the electromotive 
series. The atomic weight of aluminum is now given as 26.97 by the International 
Union of Pure andApplied Chemistry. 

Interactions with Various Substances. — A few of. the principal reactions of alumi- 
num with various substances are indicated briefly here, and further information will be 
found below under Corrosion of Aluminum and Aluminum Alloys, particularly on the 
action of air and water. Aluminum is attacked slowly by cold acetic acid, but the 
rate of attack increases markedly with increasing temperature and increasing dilution 
of the acid. Butyric acid attacks aluminum slightly in the cold, but with boiling 
butyric acid the action is similar to acetic acid. Aluminum is attacked very rapidly 
by hydrochloric and hydrofluoric acids in all concentrations, with the evolution of 
hydrogen. Lactic acid has very slight effect. Cold concentrated or dilute nitric acid 
attacks aluminum slowly, and the metal can be employed for handling such acid. 
Traces of sulphuric acid in nitric acid increase the rate of attack. Oleic acid has 
practically no effect on aluminum. Aluminum is dissolved appreciably by hot dilute 
sulphuric acid, but the action of the concentrated acid is slow. Alkali hydroxides 
attack aluminum and its light alloys rapidly. 

Aluminum interacts with carbon at high temperature to form aluminum carbide, 
ALCj, and carbon monoxide and dioxide interact with it, forming aluminum carbide 
or aluminum oxide and setting free carbon. Aluminum carbide is decomposed by 
water, yielding aluminum hydroxide and methane. Chlorine, bromine, and iodine 
all attack aluminum rapidly. Nitrogen combines directly with aluminum at moderate 
temperature (400 to 800°C.), forming aluminum nitride, AIN. This is attacked 
by water, yielding aluminum hydroxide and ammonia. Aluminum reacts wth ele- 
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mental sulphur at moderately high temperature to form the sesquisulphide, AljSi, 
with phosphorus, to form a number of phosphides, and with arsenic, to form the com- 
pounds AlAs and AljAsj Aluminum forms many chemical compounds, notably the 
alums, e Q , NaiS04 AIjCSOjIi 24H»0 

Oxidation of Aluminum— The affinity of aluminum for oxygen is very great, 
and fine aluminum powder, or very thin foil, bums in the air, on ignition, with great 
violence The thermit reduction of metaUie oxides is based upon the high affinity of 
alummum for oxygen Thus, when aluminum powder is mixed with a finely divided 
metallic oxide and the mixture ignited, the reaction takes place with violence, yielding 
aluminum oxide and the metal of the metallic oxide reduced, e g , 

FejO. + 2A1 = A1,0, + 2Fe 

The molecular heat of formation of AJtOi is about 386,000 cal , or about 128,700 cal 
per gram atom of oxygen 

Metallic aluminum is normally covered with a thin film of alummum oxide, and 
when heated in air, at temperatures up to the melting point, small particles of alumi- 
num are gradually oxidized to alummum oxide Much experimental attention has 
been given to the oxidation of alummum, but coosiderable uncertainty still exists as 
to the actual final end product of oxidation Thus, several oxides, other than AljOi 
are mentioned m the literature Pionchoo claims that the final end product of oxida- 
tion IS AiiOSAltO], indicating the existence of the suhoxide AltO Kohn-Abrest 
mentions AlO, and Al^Ot and Al«Oi have been described All these seem unlikely 
Rhodm, however, submits that substantially pure aluminum bums in air to form 
AI1O4, just as iron burns to Fea04 Alummum qiuckly oxidizes if the surface is rubbed 
with mercury, an arborescent growth of aluminum oxide rapidly forming all over the 
metal This phenomenon is known as the “activation of alummum " 

Properties of Aluminum and Aluminum Alloys — The general phj'sical and 
mechanical properties of substantially pure (commercial) aluminum have been 
fairly well determined, but much testing work on the properties of the light alloys 
13 still needed The tensile stiength of aluminum is low, and the substantially pure 
metal finds limited and special employment for engineenng construction, being 
valued chiefly because of its low specific gravity, great ductility, high electrical and 
thermal conductivity, and resistance to atmospheric corrosion \Vherc it is desired to 
take advantage of the low specific gravity of the metal, however, but where consider- 
able strength is required, it is necessary to employ aluminum alloys 

Some excellent aluminum alloys have been developed for particular purposes, and 
certain of these possess tensile strength exceeding that of mild steel and the specific 
tenacity of alloy steels Alummum is raaUeable and ductile in the cold and can be 
rolled into sheet, drawn mto wire, stamped and spun, and otherwise worked both hot 
and cold Sotk the metal and lie sQojs are bet-short at high tersperstores, and some 
of the alloys are cold-short 

The physical properties of aluminum and alummum alloys are variable over a 
wide range depending upon the chemical composition, the physical condition, t e , 
whether cast or worked, and the heat treatment From the commercial point of 
view, the followmg properties of alummum and aluminum alloys are of importance 
in particular applications specific gravity, hardness, tensile properties at the ordmary 
and elevated temperatures, modulus of elasticity, compressive strength, resistance to 
altematmg stresses and impact, thermal expansion, growth on heating, thermal con- 
ductivity, electrical conductivity, and others To the foundryman, the following 
properties of aluminum alloys are of importance from the point of view of easy cast 
ing contraction in volume and linear contraction, fluidity and viscosity, surface ten- 
sion, latent heat of fusion, melting pomts, and some of the other properties mentioned 
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above. The general physical properties of aluminum have been well summarized in 
Circular 76 of the National Bureau of Standards, and valuable data are to be found in 


Table 2. — ^Physical, Mechanical, and Other Properties op Aluminum* 


Property 


Specific gravity, 20°C 

Specific gravity, liquid, 800°C 

Sohdification shrinkage 

Melting point 

Boiling point 

Thermal expansivity 


Thermal conductivity, at 18°C 

Latent heat of fusion 

Latent heat of vaporization 

Specific heat 

Vapor tension 

Specific electrical resistance 

Temperature coefficient of resistivity. 

Magnetic susceptibility 

Hardness (sheet) 

Hardness (sheet) J^H 

Tensile strength (sheet) H 

Yield point (sheet) H 

Elongation (sheet) H. . 

Reduction in area (sheet) J^H 

Modulus of elasticity 

Compressive strength A-132 

Linear contraction, 700 to 25°C 

Surface tension, 700°C 

Heat of combustion to AljOs 

Heat of chlorination to AlCL 

Heat of sulphuration to AI 2 S 3 

Electrolytic solution potential against 

calomel electrode 

Atomic weight 


Units for expression 

Value 

Grams per cubic centimeter 

2.70 + 

Grams per cubic centimeter 

2.343 

Per cent 

6.6 

Degrees centigrade 

658.7 

Degrees centigrade 

1800 ± 50 

Increase in length per cent of 


length per degree centigrade 


(0 to 100 °C.) 

0.0000239 

Gram-calories per cubic centi- 

1 

meter per 1 degree centigrade 


per second (c.g.s. units) 

0.54 

Gram-calories per gram 

77 

Gram-calories per gram 

2100 

Gram-calories per degree centi- 


grade (18 to 100°C.) 

0.212 

At melting point in millimeters 


of mercury 

1.0 X lo-" 

Microhms’ per cubic centimeter 


at 20°C. 

2.82 

Per degree centigrade (20 to 


100 ”C.) 

0.0039 

H X 10', at 18°C. 

+0.65 

Brinell (10 mm., 500 kg., 30 sec.) 

28 

„ , f Magnifier hammer 

Scleroscope«{ tt ° ^ 

^ lUmversal hammer 

5-6 

4-5 

Pounds per square inch 

13,000 

Pounds per square inch 

8500 

Per cent 

15 

Per cent 

35 

Pounds per square inch 

10 , 000,000 

Pounds per square inch 

30,000 

Per cent 

1.68 

Dynes per centimeter 

520 

( Calories per gram-atom of 0 

128,700 

1 Calories per gram-molecule 

386,000 

Calories per gram-molecule 

180,000 

Calories per gram-molecule 

42,000 

Volts 

1.04 

0 = 16 

26.97 


' Data collected from variouB sources. 


the book by. Girard[9]. The reports to the Alloys Research Committee of the Insti- 
tution of Mechanical Engineers[18, 19, 24, 36] may be consulted for data on the 
physical properties of some aluminum alloys. 
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Table 2 gives a summary of the principal physical and mechanical properties of 
substantially pure aluminum, the figures may be compared with the corresponding 
properties for magneMum m the chapter on the Metallurgy of Magnesium and Mag- 
nesium Alloys in this work Table 3 gives the average tensile properties of substan- 


Table 3 —Tensile Properties or Substamtiallt Pore Altjiiinom* 


Form 

Yield point, 
lb per sq in 

Tensile strength, 
lb per sq in 

Elon- 
gation on 
a 2-in 
length, 
per cent 

Reduc- 
tion m 

area, per 
cent 

Sand cast* 

8,000- 9,000 

11,000-13,000 

15-25 

30-40 

Chill cast* 

9,000-10,000 

12,000-14 000 

20-30 

50-60 

Sheet 





Fully annealed 

5,000- 6,000 

12,000-15,000 

15-30 

30-40 

Half hard 

13,000-14,000 

15,000-19,000 

10-20 

20-30 

Hard (heavy reduction) 

20,000-24,000 

22,000-26,000 

2-10 

5-20 

Bar, hard-drawn 17S-T 

14,000-25,000 

28,000-35,000 

3-10 

6-20 

Wire 1 




17S-T 1 

14,000-33,000 1 

28,000-55,000 

l-IO j 

2-20 


>Apptoumate vtiluts tram VArlau* iotrcci ^ 
a But pure eluminura la rarely far aae(i6cs 


tially pure aluminum m varrous forms The (ensile properties ^ aluminum at ele- 
vated temperatures may be'jlelermlneil froin (he'fonniila ri\mi Aliiniinum 

Co of America, vit , " ~ ’ I 

J y/S,~ 14,107 - 32nt 

where I » the temperatur£ of testing m degrees centigrade (between 60 and 400®C ), 
and St •* the tensJe strength in pounds per square inch at the’ temperature t ' The 
solidification shrinkage of aluminum is high, 6 6 per cent 

Physical and Mechanical Properties of Aluminum Alloys — The general physical 
and mechanical properties of the light aluminum alloys vary over a wide range, 
depending upon the composition and the condition The extreme limits of specific 
gravity of the commercial aUoys are about 2 4 and 3 3, and most commercial alloys'' 
have a specific gravity under 3 0 The contraction in volume of most of the alloys is 
high, but less than that of aluminum, and the siheon-bearmg alloys have the least 
contraction Experiments by the wnter[601 have shown that the Imear contractions 
'vfi'^-ilioys-varry mHae rangc'Vyo'vo'i'lj^i per cerii 'Tne melimg points dl the alloja 
range below that of aluminum down (o about 57S®C , the 92 8 aluminum-copper 
alloy melting at 636®C hile aluminum is very soft, it can be hardened greatly hyj 
alloying, and the Brmell hardness of the commercial alloys ranges from 25 to 125 
(10 mm 500 kg , 30 sec ) 

The tensile strength of the light aluminum alloys vanes greatly, when cast in 
sand, depending upon the chemical composition, and, roughly, it lies between about 
14,000 and 38,000 lb pe sq in ChiU-cast alloys are considerably superior as 
to strength and ductility to sand-cast ones In castings, the strength is a function 
of the sire of section and the pouring temperature, bemg less with increase of section 
size and increase of pouring temperature GiUett[22] has shown that the strength of 
alloys poured at high temperatures may be 10 to 20 per cent less than when poured 
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at low temperatures. The mechanical properties of most of the light alloys are 
improved by either hot- or cold-working, and the best properties of one class of alloys 
(duralumin) are brought out only by working followed by heat-treatment and aging. 
Duralumin manufactures have been made with tensile strength up to 80,000 lb. per 
sq. in. The elongation of sand-cast aluminum alloys varies from nil to around 
12 per cent. Table 3 gives the tensile and other properties for some sand-cast alumi- 
num alloys poured at low temperature. 

Few data are available as to the compressive strength of aluminum alloys, but the 
range is roughly 70,000 to 100,000 lb. per sq. in. At elevated temperatures, the alloys 
lose strength, and most are weak above 300“C. The addition of small amounts of 
iron, manganese, or nickel to binary aluminum-copper alloys increases their strength 
at high temperatures. All the aluminum alloys .are exceedingly hot-short, i e , weak 
at temperatures immediately below the solidus. In fatigue (resistance to alternating 
stresses) the behavior of the alloys is variable, but the following alloys will withstand 



Fig. 8. — Sand-cast No. 12 alloy; etched with Fig. 9. — 93:4:3 Al.Cu Si alloy; X 600) 

NaOH; X 75. 


10,000,000 reversals with 7000-lb. maximum fiber stress, viz., 92:8 aluminum copper; 
2 to 3 per cent copper, 12 to 15 per cent zinc, and remainder aluminum; and 1.5 to 2 
per cent copper, 1.5 to 2 per cent manganese, and remainder aluminum. Forged 
duralumin will stand 100,000,000 reversals (White-Souther) at 15,000-lb. maximum 
fiber stress. The Charpy impact resistance of aluminum alloys is 1 to 5 ft.-lb , 
notched bar, while the Izod value is 2 to 6 ft.-lb. 

The coefficient of thermal expansion of the commercial light aluminum alloys 
varies between 22 X 10“' and 27 X 10”', e.g., that of the 88:12 aluminum-copper 
alloy is 26.4 X 10”', as compared with 22.31 X 10”' for aluminum. When a light 
aluminum alloy is heated, it first expands, as do most metals and alloys. After 
reaching about 250°C., however, the increase in size becomes quite rapid and con- 
tinues for some time, even though the temperature remains constant. This is called 
permanent growth, since on cooling down the increase in size is not lost. All the light 
aluminum alloys have thermal conductivity less than that of aluminum, and, generally 
speaking, the greater the percentage of additive elements in an aluminum alloy, the 
lower the thermal conductivity. XJnhke cast iron, the thermal conductivity of the 
aluminum alloys increases with increasing temperature; that of cast iron decreases 
very slightly. I\’hcreas the thermal conductivity of aluminum = 0.504, that of the 
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light alloys varies itx the range Q 2a to 0 4S> e 9 , the thermal conductivity of the 88 12 
aluminum copper alloj la 0 382 at 100®C TTie electrical conductivity of the alumi- 
num alloys is lower than that of aluminum, the resistivity ranging up to 5 70 microhms 
per centimeter cube The electrical resistivity of duralumin is 3 35 microhms per 
centimeter A most exhaustive study of the electrical properties of numerous 
aluminum alloys is due to Brontew8ki|23] 


Tabix 4 — Tensile and Other PRorERTiEa of a SERtEs or Sand-cast Light 
Aluhinou Allots* 



• Modified sUov •AleoftdS * Alcoa 103 

Many light aluminum alloys possess aging properties, ? e , when freshly cast they 
may have throe tfinathi eahaoAed. hy at. th* •m'Itoasv ta-w.^Asatiisa, 

and in the same way the machining properties may be improved Thus, in foundry 
practice, it is usual to allow freshly cast ports of difficultly machineable alloys to age 
for some time at the ordinary temperature, when it wll be found that they cut more 
satisfactorily than if machined soon after being taken out of the sand In some alloys, 
the increase in tensile strength found on aging for one month after casting wiH be 25 
to 30 per cent, but the elongation is decreased The Bnnell hardness increases on 
aging at the ordinary temperature Heat-treatment enhances the strength and hard 
ness of certain alloys most markedly It is an accelerated aging 

Corrosion of Alundnum and Aluminum Alloys — ^Vhlle it is often thought that 
aluminum and its bght alloys are very aoseeptible to corrosion and that they, there- 
fore, cannot be used for many purposes, these materials are actually more resistant 
to some corrosion influences, cp, ordinary atmospheric atr, than are most simple 
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steels. The behavior of the metal and its alloys in different corroding media is, of 
course, very variable, and the resistance to corrosion of different alloys in the same 
media may be, and usually is, variable. Thus, the corrosion of aluminum or any 
aluminum alloy may be rapid in an acid-gas atmosphere, but slow in sea water or in 
ordinary atmospheric air; also, an aluminum-zinc alloy may deteriorate rapidly in sea 
water, while an aluminum-manganese alloy will corrode slowly. 

The greater resistance of aluminum and its light alloys to ordinary corroding media, 
as contrasted with iron and steel, is explained by the surface coating of aluminum oxide 
which forms and protects against further corrosion. The corrosion of aluminum is 
affected by its purity, and for applications where specific resistance against corroding 
media is desired, the purer varieties will withstand attack better than less pure metal. 
Thus, the 99.9 -h per cent metal made in the Hoopes cell is practically not corroded at 
all in dilute hydrochloric acid, while the ordinary 99-1- per cent metal is rapidly 
attacked. Some of the light aluminum alloys, and also aluminum, when worked, are 
subject to corrosion cracking (season cracking) — a phenomenon familiar to brass 
metallurgists — i.e., the materials exfoliate and crack in certain solutions, owing to 
internal stresses. Hard-worked aluminum corrodes more rapidly than annealed metal 
in general, and cast aluminum corrodes more rapidly than the hard-worked, because of 
minute pores in the former that give rise to local action. The corrosion of aluminum 
and its light alloys in various media has been described in many published papers, and 
only the more general aspects of the subject can be discussed here. 

When aluminum and its light alloys are exposed to air, they become coated with a 
thin film consisting largely of aluminum oxide, AI2O3, or aluminum hydroxide in 
moist air. This film, if not broken down mechanically, serves as a protective coating, 
and apparently it should prevent further corrosion almost indefinitely. This film, 
however, may be broken readily by abrasion and other mechanical influences in serv- 
ice, and it is also penetrable by gases and liquids, for this reason it does not serve 
as an effective protection unless it is fairly thick. Aluminum is attacked slowly by 
fairly pure atmospheric air and more rapidly by impure air. In ordinary damp air, 
the oxidation may be regarded rather more as a hydration of the metal taking place 
simultaneously with oxidation, since in the presence of moisture, the reaction 

A1 + 3 H 2 O = Al(OH), + 3H 

takes place and a colloidal film of aluminum hydroxide is formed. In the presence 
of carbon dioxide, the oxidation of the metal takes on a pitting effect, owing to the 
attack of carbon dioxide on the film of aluminum oxide and aluminum hydroxide, 
thus revealing a fresh surface of the metal to further action. 

Aluminum is not attacked by distilled water, but is attacked by tap water, impure 
waters, and sea water, the corrosion depending upon the constitution of the waters. 
Oxygen is regarded as the prime cause of corrosion of aluminum by water. It has 
been indicated that alkalies attack the metal and its alloys rapidly, and alkaline waters 
are very corrosive. Alcoholic solutions and liquors have little action, and aluminum is 
used in the spiritous liquor and brewing industries for containers. So-called cuttmg 
solutions and compounds used for machining aluminum and its alloys have no effect 
unless they contain soda ash or related sodium compounds. Ether has no corrosive 
action. Gasoline and oils have no action. Iron salts and compounds of iron cause a 
blackening of the metal. Lactic acid and milk have no action, and aluminum con- 
tainers are used in dairj'ing. Aluminum is attacked by some paints. 

l^otection from Corrosion. A great deal of thought has been given to the pro- 
tection of aluminum and its alloys by means of various coatings. Spar varnish was 
the first means used, chiefly for protecting aluminum and aluminum-alloyed parts 
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from seft water corrosion on seaplanes The “browning” process of von Grottbuss 
was another early method in which the aluminum part was suspended in an electrolyte 
consisting of a sulphur compound of molybdenum with a zinc anode and electrolyzed 
at 60 to 65°C The metal was soon covered with a dark brown coating which could be 
rolled or bent without cracking A process at one tune popular with our Air Corps 
was the Z-D process of Zimmerman and Damels(661 which consisted in treating the 
parts to be protected with a solution of sodium sihcate followed by baking 

The chief dependence now is on anodizing, which is essentially an artificial buildmg 
up of the normal alummum oxide fihn to a Ihickn^ that will resist corrosion The 
first work on this process appears to have been done by Bengough and Stewart 
(British patent 223994), who made the alummum article to be treated the anode 
in a chromic acid electrolyte They also noted the ability of these oxide films to 
take up dyes Certain sulphune acid processes followed, among them bemg the 
so called Brytal process (Bntish patent 449162) Some further notes on anodizing 
Avill be found m the chapter on chromium 

Commercial Aluminum Alloys — Many different alloys are now in common use 
Table 5 shows a number of the standard alloys recommended by the Aluminum Co 
of America, the table being based on its numbenng Because of variations produced 
by heat-treatment, some of the tensile strengths show a wide variation Even the 
minunum values should not be used as speafication limits, though ordinarily they 
can be depended upon There are changes m dimensions of some aluminum alloys 
on aging, and most of this change can be brought about in a few hours by appropnate 
heat-treatment For work requmng dose tolerance, it is necessary either to allow 
the castings to age spontaneously or to give them a heat-treatment before machining 

It may be noted that the alloy commonly referred to as Pural is practically the 
Alummum Co 's 17S, while 24S heat-treated (24ST) is practically the European 
Superdural The term “superdural” is often used to mean any low-copper heat 
treatable alloy, but stnctly speaking, it should refer to the alloys ongmally mtrodueed 
by Wilm The hardening o( these aUoys is due to the precipitation of a metallic 
compound, MgiSi, n hich occurs when the material is quenched at 4&0 to fOO^C and 
then aged The aging may be greatly accelerated by drawmg to about 100®C The 
change can be delayed by keeping the material under refrigeration after quenching if 
subsequent forming operations are to be performed on sheets This is now standard 
practice in certain plants 

Zinc duralumin is a term used to connote a class of heat-treatable alloys of the 
composition, for example 


Pes Cent 


Copper 2 5 

Magnesium 0 5 

Alanganesc 0 5 

Zme 20 0 

Aluminum (by difference) llemainder 


Zinc duralumms may be hardened by quenching followed by aging as in simple 
duralumins These alloys have been discussed by Rosenbam and his collaborators[36] 
The tensile properties of the alloys after working and heat treatment are most remark- 
able Rolled sheet, after quenchmg from 400*C and rerolhng before hardening has 
set m, has the following properties yield point, 64,000 lb , tensile strength, 75 000 lb 
per sq in , and elongation, 10 per cent Of special duralumins, the 92 5 4 1 5 2 
aluminum copper magnesium nickel alloy has been considerably exploited, and the 
aluminum magnesium ailicide alloy (about 1 per cent magnesium plus sufficient silicon 
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to form MgiSi) developed as the result of investigations by Hanson and Gayler has 
had some use. This alloy is heat-treatable and is used for sheet, bars, rods, tubing, 
and special shapes. It is softer and less strong than ordinary duralumin, having a 
strength of about 48,000 lb. per sq. in. as rolled and heat-treated as against 62,000 lb. 
for duralumin. 

The alloy 25S is the one most commonly used for air screws, and it appears to 
be about the same as the German Lautal. v 



Fio. 10. — Duralumin sheet; water-quenched from 612°C. and air-aged; etched HNOs 

quench; X 200. 

Casting Alloys. — Originally most aluminum castings were made in the so-called 
No. 12 alloy (92Al;8Cu). This alloy has been almost completely succeeded by Nos. 
112 and 212 of Table 5. Number 112 is the better machining alloy, but No 212 
makes better castings. Numbers 172 and 212 are particularly recommended for 
thin-sectioncd castings B113 and C113 are recommended for permanent castings, 
as is also No. 122. This last alloy has good strength at elevated temperatures as 
compared with most of the aluminum alloys. Number 81 is recommended for smaller, 
comparatively simple die castings. 

All the above are aluminum-copper alloys. The aluminum-silicon alloys are 
probably better casting alloys than the aluminum copper. Their fluidity and 
freedom from heat shortness increase to about 12 per cent of silicon, which is the 
Aluminum Co.’s alloy No. 13, and is apparently the aluminum silicon eutectic. 

If the metal is melted under an alkaline fluoride flux, it is possible to obtain a 
silicon content higher than the normal eutectic composition, the castings having an 
extremely fine grain structure. This type of alloy is known as the “modified” alloy. 
The result of the treatment is largely lost on remelting. 

The aluminum-silicon alloys were originally introduced by A. Paez and are some- 
times known by his name. These alloys are sometimes known in Germany as Silumin 
and in France ns Aladar, as well as being known from their inventor as Alpax. The 
12 per rent silicon alloy is reported as being used by the Germans as their chief piston 
alloy. 

Aluminum-magnesium alloys have good mechanical properties and are particularly 
resistent to corrosion and tarnish. Alloys 214, B214, and 218 are recommended by the 
Aluminum Co. of America as considerably superior to other common sand-casting 
alloys of aluminum. 
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Table 5. — Alotiinum Alloys in Common Use. — {Continued) 


Alloy 

Ko. 


Cu 

Si 

Mn 

Mg 

Zn 


Patigue 
limit, 
tons per 
sq. in. 

Ultimate 
tensile 
strength, 
tons per 
sq. in. 

sp. gr., 

lb. per 
cu. in. 

A2I4 

PM 




3,8 

■ 



1.3.5 

0.096 

B214 

SC PM 


1.8 


3.8 

■■ 





218 

D 




8.0 



9.0 

19.0 

0.091 

220 

SC 




10.0 



3.5 

22.5 


A254 

V 


.... 








315 

D 


1 








A334 

sc 

3.0 

BE 


0.3 



4.3 

12.5 


355 

sc PM 

1.3 

5.0 

• . . . 




4.3 

12.5-21.5 


A355 

SC 

1.4 

5.0 

0.8 


.... 

NiO.8 

4.3 

14.0 

IB 

356 

SC PM 

0.2 

7.0 

0.1 

0.3 


FeO.4 

4. 0-4. 3 


tra 

406 

SC 



2.0 




2.8 

9.5 


505 

D 

0.5 

0.5 




Ni4.5 



0.101 

645 

SC 

2.5 




11.0 

Pel. 2 

3.S 

14.5 


SC — sand casting; W — wrought; PM — permanent mold casting; D — die casting. 

Ultimate tensile and fatigue limits depend on the heat-treatment and condition. The figures there- 
fore vary widely. The upper figure is usually at maximum hardness. Permanent mold castings have 
higher values than sand castings. 

“ IVill not age spontaneously; requires heat-treatment. 

* Ages spontaneously. Fabricate or refrigerate immediately after quenching. 


English practice has largely developed around the use of aluminum-zinc alloys, 
which are represented in Table 5 by alloys 112, Cll3, A214, and 645. There has been 
prejudice in the United States against the use of the zinc alloys largely because of the 
labor difficulties of keeping high-zinc scrap separate from zinc-free material. 

The aluminum-nickel alloy (95.5 AI;4.5 Ni) is used for die castings. The 92}^ Al, 

4 Cu, 1 Mg, 2 Ni is used for sand and permanent mold castings, particularly cylinder 
heads; it has a good strength at elevated temperatures and good bearing character- 
istics (alloy No. 142). This alloy is the one often referred to as the "Y” alloy of the 
English National Physical Laboratories. 

Melting Practice. Aluminum and aluminum alloys are melted in various types 
of furnaces in practice, and there is really no standardized mode. In foundry prac- 
tice, light aluminum alloys have been melted in all types of furnaces that have been 
used for brass and bronze, and the iron-pot furnace, so widely used for melting 
so-called white metals, is the only one employed for aluminum alloys that is not 
used for brass and bronze. MTiile a great variety of furnaces are in commercial use, - 
as indicated, the iron-pot furnace is generallj' preferred for melting aluminum alloys 
in foundry practice and the reverberatory-type furnace for aluminifm in rolling-mill 
practice. The theoretical and practical aspects of aluminum and aluminum-alloy 
melting have been discussed at length by R. J. Anderson in published papers[37 38 
43, 50], which may be consulted for detailed information. ’ 

One of the principal difficulties in aluminum and aluminum-alloy melting is the 
prevention of oxidation (dross) losses, and even with the best practice there is always 
considerable loss. In practice, the metal and its alloys should be heated only to the 
required pounng temperature or a little higher, and "soaking” of melts should be 
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avoided The pouring temperature for alununum iQ casting rolling ingots is pref- 
erably 700 to TSCG , while in sand practice the pouring temperature may vary between 
700 and 800°C , depending upon the type of casting 

Types of Furnaces and Operation — In foundry practice, the following types of 
futnacea are employed in the United States coal-, oil-, and gas-fired reverberatory 
furnaces, oil- and gas-fired stationary and tilting iron-pot furnaces, coal- and coke- 
fired stationary and tilting crucible furnaces, oil- and gas fired open-flame tilting, 
rotating, and stationary lumacea, and electnc furnaces of several types In general, 
ordinary brass-melting furnaces of ^anoua types have simplj been adapted for 


Table 6— Typical Tensile Pboperties op IV bought Aluminum Alloys at 
Elevated Templuatures 
(Courtesy Aluminum Co of America) 



Temp , 

Strcngtli, 
lb per sq in 

Elon- 

gation, 

Temp , 

Strength, 
lb per sq in 

1 loii- 
gation. 


Yield Tensile 

2 in 


Yield Tensile 

2 m 

24S.T 

75 

45,000 68,000 

22 2-0 

75 

5,000 13,000 

45 


300 

35,000 42,000 

21 

300 

3,600 7,500 

65 


400 

23.000 28,000 

25 

400 

3,000 6,000 

70 


500 

10,000 14,000 

40 

500 

2,000 3,500 

85 


600 

6,000 7,500 

65 

600 

1,500 2,500 

00 


700 

3,500 4,500 

100 

700 

1,000 1,500 

95 

AfilS-T 

75 

40,000 47,000 

20 112 

75 

14.000 23,000 

1 5 


300 

15,000 19,000 

28 

300 

24,000 25,000 

1 5 


400 

5,600 7,500 

58 

400 

15,000 19,000 

1 5 


500 

4,600 5,500 

59 

500 

10,000 15,000 

3 5 


600 

3.500 4,500 

60 

600 

4,500 6,500 

20 0 


700 

3,000 3,500 

65 




52S-T 

75 

33,000 39,000 

20 122 

75 

30,000 36,000 

1 0 


300 

22,000 25,000 

17 T-61 

300 

30,000 35,000 

1 2 


400 

10,000 13,000 

30 

400 

16,000 22,000 

2 0 


500 

3,500 6,000 

70 

600 

5,000 10,000 

6 0 


600 

2,500 5,000 

75 

600 

4,500 8,000 

14 0 


700 

2,000 2,500 

90 





aluminum alloy melting, wlide in aluminum rolling-mill work reverberatory and open- 
flame barrel-shaped furnaces have been largely employed As indicated, the iron-pot 
furnace is preferred for melting alummum alloys in founding, but open flame furnaces 
are being used more widely than a few years ago 

In small foundries, and in plants where only a minor part of the output is in 
alununum alloys, pit or crucible furnaces are employed largely The electnc furnace 
melting of aluminum and its light alloys is receiving considerable attention, and a few 
installations have been made The tendency toward the employment of furnaces of 
large capacity, i e , reverberatory and open-flame barrel furnaces, necessarily came 
through the enlargement of plant capacity 

Turning to the question of oxidation losses on melting aluminum and its light 
alloys — when heated in air, alummum ondues to aluminum oside, AljOj, and the 
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rate of oxidation increases rapidly with increasing temperatures. Hence, one of 
the cardinal rules in melting practice is that the melting temperature should be kept 

Table 7. — Comparative Mechanical, Electrical, and Other Properties op 

Aluminum and Copper' 


Property Aluminum Copper 


Sp ecific gravity 2.70+ 8.89± 

Melting point, degrees Centigrade 658.7 1083 

Specific heat (water = 1) at 20°C., calorie 0.214 0.095 

Specific thermal conductivity, calories per degree Centi- 
grade, per square centimeter per centimeter 0.504 0.895 

Approximate relative heat conductivity (silver = lOO 

per cent) 50 00 

Coefficient of linear expansion, per degree Centigrade ... 0 . 000024 0 . 000017 

Tensile strength, hard-drawn wire (No. 10 S.w.g.) 

pounds per square, inch ■ 26,000 50,000 

Tensile strength, annealed wire (No. 10 S.w.g.), pounds 

per square inch 14,000 29,000 

Modulus of elasticity, pounds per square inch 10 X 10' 17.5 X 10' 

Specific resistance in microhms per cubic centimeter at 
20°^: 

Annealed 2.8159 1.7241 

Hard-drawn 2.8735 1.7585 

Specific resistance in microhms per cubic inch at 20°C. ’. 

Annealed 1.1086 0.6788 

Hard-drawn 1 . 1313 0 . 6924 

Ohms per mil-foot at 20''C. : 

Annealed 16.939 10.371 

Hard-drawn 17.285 10.578 

Resistance of solid conductor, 1,000 yd. long by 1 sq. in. 
cross-section, ohms; 

Annealed 0 . 0399 0 . 0244 

Hard-drawn 0 . 0407 0 . 0249 

Coefficient of increase of resistance with temperature, 

degree Centigrade 0.00390 0.00393 

Weight per 1,000 yd. by 1-sq. in. cross-section, pounds. . 3,510 11,520 

For hard-drawn conductors of equal resistance; 

Ratio of diameters 1.28 1.0 

Ratio of sectional areas 1.64 1.0 

Ratio of weight 0.5 1.0 

For hard-drawn conductors of equal temperature rise; 

Ratio of diameters 1.18 1.0 

Ratio of sectional areas 1.39 1.0 

Ratio of weight 0.424 1.0 


' According to the British Aluminium Co., Ltd. 

low, and, moreover, heats should not be allowed to soak in the furnace. The oxidation 
product resulting on melting is known as “dross,” and this ordinarily contains some 
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mechanically entangled metal, the percentage depending upon tho care used in 
skimming the melts In addition to the temperature, the constitution of the furnace 
atmosphere in which the metal 15 melted la of great importance, because of inter- 
actions that take place Thus, in addition to reacting with oxygen, aluminum 
reacts with nitrogen at normal melting temperature, forming aluminum nitride, 
and this appears in the dross Hence, when a furnace is operated with a great excess 
air supply, the dross loss is necessarily high 



Flo 11.— Stationary iron pot furnaces in a foundry 


Alloymg Practice —Prior to the production of any kind of aluminum-oUo} manu- 
factures, it IS first necessary to prepare the required alloy s, and, in practice, the alloy 3 
may be prepared and used immediately or they may be prepared and cast into pig 
form for subsequent remeltmg As a rule, founders prefer to make up the alloys 
as required rather than to purchase prepared alloys Primary aluminum alloys 
of definite compositions are sold in ingot form for casting purposes, and a tremendous 
tonnage of secondary aluminum alloy pig 13 mailc and sold Primary aluminum 
alloys, whether pigged or used directly lor casting are made up by adding the alloy mg 
metal or metals to aluminum in a melting operation, while secondary aluminum 
alfoys are made by running down scrap aluminum and aluminum alloys 

Foundry practice in making up alloys for casting vanes considerably, and melting 
charges may consist of the following ( 1 ) all-pninary aluminum pig plus the nece«sary 
alloying metal, or intermediate alloy required for introducing the additive metal, 
plus foundry scrap or not, (2) primary aluminum alloy pig plus foundry scrap, (3) 
pritaaryaluminum, intermediate aluminum alloy, foundry scrap, and secondary metal, 
(4) all secondar} metal plus foundry scrap Other combinations have been employed, 
and these will readily suggest therosdves In making aluminum-copper alloys, it is 
usual to make a fixed addition of copper to the alummum by the use of the intermediate 
copper aluminum, alloy of nominal compositioiL 50 50 copper-aluminum known m 
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foundry practice as “hardener.” Pure copper and 33 ; 67 and 60 : 40 copper-aluminum 
alloys are also employed. The preferred order of adding alloying elements to alumi- 
num is copper, silicon, iron, amnganese, and magnesium. 

Iron may be introduced into aluminum alloys by the use of light scrap tin plate or 
ferroaluminum, although the avoidance of iron is usually a more important problem 
than its addition, while magnesium is best added in small pieces as pure magnesium, 
using a perforated crucible or “phosphorizer” for containing the metal. Manganese 
additions are usually made with 25:75 manganese-aluminum alloy, and nickel as 
light sheet nickel or 20:80 nickel-aluminum alloy. Silicon is added preferably by 
using the 50 : 50 silicon-aluminum alloy. Zinc, tin, and other low-melting-point metals 
are added as such. An intermediate alloy is essential when high-melting-point metals 
are to be alloyed, and the employment of these intermediate alloys is a great con- 
venience. Most of them are brittle and can be weighed with accuracy, and their 
melting points are low, so that the additive metal can be introduced readily without 
long or high heating. Manganese may also be introduced by the use of manganese 
chloride in the flux. Zinc chloride in small amount is used extensively in melting and 
alloying practice for aluminum and its light alloys, with the object of cleaning and 
fluxing the melts. It is efficacious for the purpose. [59]. 

Secondary Aluminum and Aluminum Alloys. — Secondary aluminum is produced 
by remelting aluminum scraps and is used largely for remelting in foundry practice 
for making alloys, although some secondary metal is employed for the production 
of aluminum rolling ingots. Secondary aluminum alloys are made by remelting 
aluminum and aluminum-alloy scraps, and such alloys are used largely in foundry 
practice. In the remelting of aluminum-bearing scraps no refining can be done, 
as in the case of copper, and, consequently, secondary aluminum and aluminum 
alloys are normally less pure than the corresponding primary materials. The usual 
impurities found in secondary aluminum include copper, iron, silicon, manganese, 
and zinc, while secondary aluminum-alloy pig, say No. 12 alloy, may contain iron, 
silicon, manganese, magnesium, tin, and zinc, in addition to copper. 

While aU sorts of aluminum scraps are utilized in making the secondary metals and 
alloys — including aluminum dross and skimmings, aluminum rolling-mill scrap, 
aluminum fabricating scrap, particularly from utensil plants, and the corresponding 
aluminum-alloy scraps — the bulk of the secondary aluminum-alloy pig is produced by 
smelting aluminum-alloy machinings from aircraft and ordnance plants. Consider- 
able heavy aluminum-alloy scrap results from the junking of old motor cars, and this 
makes good material for remelting. In machining castings, about 25 per cent of the 
weight is removed. In cutting and working sheet aluminum, about 20 per cent 
ordinarily goes into scrap. Considerable amounts of aluminum dross and aluminum- 
alloy dross are smelted in secondary practice. In drosses, the content of metaUics 
may run 5 to 60 per cent, depending upon conditions, and the recovery on smelting 
varies from 40 to 75 per cent. The recoverj- on smelting borings may be 40 to 90 per 
cent of the metal charged, and 80 per cent is good recovery on dirty borings. Recov- 
ery naturally depends upon the quality and size of borings, i.e., as to whether the 
chips are oily, dirty, or clean, and whether large or small[67]. 

A recent proposal for scrap treatment has been put out by the Aluminum Co. 
of America. Aluminum aircraft scrap is to be introduced in a bath of sodium hydrox- 
ide which will dissolve the aluminum, and the solution is to be treated by the Bayer 
process, leaving everjdhing else behind. G. C. Riddell has put forth the objection 
that zinc would also dissolve, thus contaminating the solution. The proposal was to 
treat it as an ordinary Bayer-process liquor. 

The question of fluxes to be used in secondary aluminum work is of great impor- 
tance, and a great number have been suggested, although only a few have been 
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extensively employed in practice The object m using a flux is to reduce oxidation loss 
on melting and to cause coalescence of the metal, particularly when melting fine scraps, 
hke bonngs, and drosses In practice, the 85 15 sodium chloride calcium fluonde 
flux is used most generally, but xmc chloride, several special mixtures of alkah fluorides, 
and cryolite are also employed Aa mdicated, the methods of smelting are varied, 
and all sorts of methods have been suggested Heavy scrap can be readilj melted with 
httle loss, but special methods are necessary in smelting drosses, bonngs, and fine 
scraps In running bormgs and drosses, the materials are often charged to a liquid 
heel in a crucible furnace with a flux, and the mass puddled to ensure coalescence of the 
melted globules, while recently the practice of puddling and working such materials 
m large reverberatory-type furnaces has gamed ground Drosses are normally 
crushed and screened to remove aluminum oxide before smelting, while bonngs 
should be run over a magnetic separator to remove included iron chips Light scrap, 
hke that from utensil fabrication, may be economicaUy baled before smelting 

Alummum Foundry Practice — Cast iron crucibles are very largely used in alumi- 
num foundries The crucible should be completely emptied each da> (and some- 
times oftener) and a wash given with a suspension of 7 lb of whiting per gallon of 
water Superior adhesion of the whiting to the metal can be obtained by adding 4 or 
5 02 of sodium silicate to each gallon of the mixture 

Graphite and clay crucibles are sometimes used, particularly if aluminum-silicon 
or aluminum magnesium alloys are to be made, as their use mimmises any iron 
pickup On the other hand, the molten metal has a tendency to pick up silicon if 
there is any in the crucible Coicrs should be used on all crucibles in order to mini- 
mize the absorption of gas from the products of combustion 

It IS impossible to judge the temperature of molten aluminum by its color as can 
be done with some other metals, so that some form ofpyrometnc control must be used 
Some good advice was contained in a paper oo recommended practice for casting 
sponsored by the Aluminum and Magnesium Committee on Sand Castings of the 
American Foundrymen’s Association read at the annual meeting in St Louis m 1944 
Aluminum should be poured at the lowest temperature at which the casting will run 
and allow atr bubbles and dross to escape from the metal Melting temperature 
should also be kept low to prevent the formation of oxide and the absorption of furnace 
gases Agitation of the molten metal atber in the furnace or while being taken to the 
mold increases oxide formation and gas absorption Continual skimming of the 
ladle increases the loss as oxide, since each time the protective coating la removed a 
new one forms If the metal must be stured, it should be done from the bottom 
upward, disturbing the surface as httle as possible Pouring time should be kept as 
short and with as few breaks as possible The ladle should be kept as close to the 
sprue as possible, as too great a pounng height results in dross and trapped air in the 
final casting 

In general, temperatures in excess of 1300®F for metal melted in direct flame 
furnaces and 1500°F for metal melted in indueeV-Same futnacta are to be avoided 
Metal that has been heated at too high a temperature and that has as a result absorbed 
too much gas does not give this out again even on prolonged standing, and metal 
that has become thoroughly gassed should be poured into ingots and lemelled 

Molding Sand and Core Sands — For green sand work a clay bonded sand free 
from organic matter and fallmg xnthm the A F A classification 1 G to 2G should be 
used The finer sand is best for small benebwork and the coarser sand for floor work 
A typical Albany sand has the following analysia loss on ignition, 1 95, SiOj 80 52, 
Fe,0„ 4 83, A1,0,, 8 39, CaO, 0 67, MgO, 0 64, alkalis, 2 7 Sand of the above 
type mixed with 6 to 8 per cent water and h^tly rammed gives a good surface to the 
eastings and is open enough to permit the escape of the mold gases Cores are made 



METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 36 


of silica sand and sometimes molding sand held together with linseed or tung oil, while 
resin, dextrin, flour, or combinations of these materials are used. A table furnished 
by the Aluminum Co. of America gives some typical mixes. An interesting basis 
for the classification of foundry sands will be found in a footnote on pages 62 to 63. 
In general, aluminum foundry sand should fall in the classification IG to 2G. 

A notable grain refinement can be produced in aluminum by the use of small 
quantities of columbium and titanium. In the case of columbium %ooto ^9ioo Per 
cent produces good results. With titanium up to per cent can be profitably 

used. Too much must not be used, for if Ko per cent of either of these elements is 
used the results become distinctly detrimental[75]. 

Apart from the solid fluxes such as the chlorides and fluorides, nitrogen gas and 
chlorine gas are also used in aluminum foundry practice. They are usually piped to 


Table 8. — Typical Core Sand Mixes for Aldminum-alloy' Castings 




1 Physical properties 


Sands, parts bj^ volume 

Binders, parts 
by volume 

Approx. 
A.F.A. 
permea- 
* bility 

Approx. 1 
A.F.A. 

com- 
pressive 
strength, 
lb. per 
sq. in. 

General use 

50 Bank sand 

50 Washed silica sand" 

1 Oil base 

1 Dextrin base 
(dry bond) 

50 

200 

Small to medium 
castings requiring 
very smooth sur- 
faces 

100 Washed silica sand'’ 

1 Oil base 

1}4 D extrin 
base (green 
bond) 

150 

550 

Jacket cores and 
cores with thin sec- 
tions 

66 sharp sand 

34 Bank sand 

IM Oil base 

85 

350 

General runs of small 
cores 

37 Bank sand 

63 Burned core sand 

2 Pitch base 

40 

100 

Large body and hous- 
ing cores 

25 Bank sand 

63 Burned core sand 

12 Molding sand 

3 Dextrin base 
(dry bond) 

i 

25 

325 

Side cores in contact 
with metal on one 
side only 


Sand Characteristics 


1 

Sand 

Grain shape 

Grain fineness 

Bank sand 

Subangular 

90 

Washed silica sand 

Rounded 

85 

Washed silica sand 

Rounded 

65 

Sharp sand 

Angular 

55 

Moldine sand 

Subangular 

270 


® Grain fineness, 85. 
* Grain fineness, G5. 

















36 


?!ONFERROVS METALLURGY 


the bottom of the melting pot nnd allowed to babble gently up through the metal 
These gases must be free from water vapor, hydrogen, or oxjgen 

It solid fluxes are used, the required amount can be determined by spnnkhng a 
small quantity of the flux on the molten metal, stirnng it into the dross, and con- 
tmumg to stir in small amounts until the droB becomes powdery and granular, in 
which state it can be readily removed with a perforated skimmer 

Gates and Risers — The gates and risers used in aluminum castings are much 
larger than those used in other nonfertoua work As laid down by the Aluminum Co 
of America, castings should be gated and fed in such a n ay as to provide a sequence of 
solidification that ensures an adequate supply of molten metal to feed each section as 
It solidifies The solidification should start at pomta furthest removed from the 
gating area and proceed progressively to the nsers which pro> ide Lquid metal to take 
care of the shrinkage 

Casting Defects — Of the vanous defects that may occur in sand castings of alumi- 
num alloys, the three most frequent and unportani are (!) blowholes, porosity , and 
general unsoundness, (2) hard inclusions, and (3) cracks Blowholes ore caused 
primarily by too high melting and pouring temperatures, snd can be lar^ly prevented, 
but general unsoundness is more difficult to overcome As a r^e, alummum-alloy 
sand castmgs tend to be unsound, and m practice it is necos^iy to make tests on 
inspection, in certain types of castmgs, for porosity and related defects 

The usual method employed for detecting general or local porosity la such castings 
as crankcases, oil pans, manifolds, etc , is the open test with a solution of methylene 
blue in gasoline In the teat, this liquid is pamted or smeared on the casting, and if 
the part is porous, the solution will seep through and show on the other side Air- 
pressure, water pressure, and steam-pressure tests are also applied, particularly to 
hollow castings, for detecting porcBity and leaks Porous castings may he treated, 
1 e , the porosity closed, by several methods, of which the sodium silicate method is 
the one most commonly employed In this, the castings are first soaked m concen- 
trated <40*B4 , 1 38 sp gr ) sodium silicate aolution for an hour, then immersed for 
1 to 2 min in dilute sulphunc acid (25 per cent), and then n ashed m water The 
castmg V3 then dried at about 100*C for at least 1 hr Impregnation with tung oil is 
also practiced Porous castmgs may also be treated with bakehte[32] 

The occurrence of hard mclusions, * e , the so-called “hard spots" of foundry par- 
lance, in alummum-alloy castings is of interest and importance to founders and users 
of parts In some cases, the percentage of machine-shop returns, owing to rejec- 
tions becai^ of hard mclusions, may be high and be the cause of considerable loss 
Hard inclusions differ bo widely m character that the term “hard spots” is only 
roughly descriptive, but hard spots are ordinarily defined as any kind of metallic 
or nonmetaUic inclusions that cause difficulty on machining or polishing When a 
machme tool stnkes a hard inclusion, its edges are quickly dulled and rendered unfit 
for cuttmg All hard inclusions may be divided mto tn o classes, m , (1) nonmetallic 
inclusions and (2) metallic mclusions Under the former are included all hard, 
foreign, nonmetallic particles, such as pieces of bnck or cement, chunks of crucibles, 
core sand and molding sand, and bard day, that may be charged with the melting 
stock Metalhc hard mclusions are generally traceable to iron and are due to actual 
iron or steel, such as nails, core wire, chaplets, or chills, charged mto the furnace, or 
to the hard mtermetaihe compound FeAli caused by the dissolution of iron or high 
iron in the melt The subject of bard melusioiis in alummum alloy castmgs has been 
discussed at length by the wnter[45] Hiey can be practically entirely prevented by 
clean melting practice 

Cracks in alummum-alloy castings constitute the most serious defect encountered 
in foundmg, and if the average casting lora is taken as 10 per cent, the wasters because 
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of cracks amount to 2 per cent of the castings poured, or 20 per cent of the total 
defectives. The usual commercial aluminum alloys are subject to cracking when 
poured into molds, owing to their large contraction in volume on freezing and their 
hot-shortness, and, so long as complicated castings are made, cracks must be expected 
in production. Some of the principal factors affecting the occurrence of cracks are 
the composition of the alloy; the method of molding; and the design of the castings, 
particularly as to thick and thin sections in contiguity. In general, the less the con- 
traction in volume of the alloys, the less the cracking. The sihcon-bearing aluminum 
alloys are particularly good for casting, since they have httle tendency to crack^ — 
their contraction in volume is relatively low as compared with the other alloys. 
The causes of, and methods for the prevention of, cracks have been discussed by the 
writer in another place[53], where detailed information will be found. 

Die Casting and Permanent-mold Casting. — Aluminum-alloy castings are made 
in large quantity by two other processes than sand casting, viz., by die casting and 
permanent-mold casting, but this subject does not appear to fall within the scope of 
this book 

Forging. — Aluminum and its alloys crack and blister when forged at too high a 
temperature. The maximum temperatures at which forging should be carried on are 
as follows: 14S, 17S, 70S, 840°F.; 18S, 73S, 820“F.; A51S, 53S, 880°F.; 25S, 860°F.; 
32S, 800°F. The upsetter heat for 14S is 800 to 900°F. The upsetter heat for 32S is 
880 to 900°F. 

Heat-treatment. — Both wrought and cast aluminum alloys are heat-treated com- 
mercially, and a wide field has thus been opened. Worked aluminum is annealed, 
as are the alloys, for the purpose of softening, and some^ cast alloys are annealed to 
release casting strains. Aluminum-alloy pistons are annealed to overcome growth 
and distortion. That alloys of the duralumin type are heat-treatable has been known 
since the investigations of Wilm in 1903, and the phenomena involved are common to 
many alloys. In a general way, the heat-treatability of aluminum alloys is due to 
the varying solubility of metallograpbic constituents with temperature, e.g., CuAl» 
in aluminum-copper alloys and duralumin and MgjSi in duralumin. When such 
alloys are heated to moderately high temperature, e.g., 500°C., more of the constit- 
uents go into solution, and, when quenched, these constituents at first remain in 
solution but on standing precipitate out in particles of very high dispersion. Conse- 
quently, hardening and strengthening ensue. 

Worked aluminum and aluminum alloys are softened by simple anneal at 350 to 
600°C., depending upon the amount of reduction and the time period of anneal. 
Certain cast aluminum alloys, e.g., 95:5 aluminum-copper alloy, are suitable for 
quenching heat-treatment, and this is now being employed somewhat in practice for 
enhancing the properties of sand castings. The strength of the rolled and annealed 
95:5 aluminum-copper alloy is increased from about 27,000 to 52,000 lb. per sq. in. 
by quenching and aging. When duralumin is quenched from about 500°C., it is soft 
and ductile, but on aging at the ordmarj”^ temperature for a few days the hardness 
and strength increase markedly while the elongation falls off. The aging may be 
accelerated by heating at 100 to 200°C. for 1 to 5 hr. The heat-treatment of duralu- 
min has been discussed by a number of workers, including Merica and his collabora- 
tors[33a], Hanson[35], Ilosenhain[56] el al., Konno[42], Knerr[48], and many others. 
The hardening and strengthening on heat-treatment are due to the precipitation of 
CuAlj and MgjSi. In practice, heat-treatment is apphed principally to worked 
duralumin, and the heating is carried out under careful pyrometric control in any 
suitable furnace. The quenching medium may be cold water, boiling water, or oil. 
Parts may bo heated for quenching in a salt bath, i.e., a mixture of potassium and 
sodium nitrates. Since quenched duralumin is soft, the material may be quenched 
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in water, then immediately worked to the required shape, and then allowed to age 
Zinc duralumin is heat-treatable, as is the 92 5 4 1 S 2 alummum-copper-magne- 
sium nickel alloy Heat-treated duralumins have been used very largely in aircraft 
construction, though more abroad than in the United States 

Soldenng and Weldmg — ^The eoldenng of alummum and alummum alloys has 
attracted a great deal of mterest on the part of laymen and many patents have been 
taken out for solders and soldenng fluxes purported to be suitable for joming alumi 
num and alummum alloy parts Most of these are enturely useless Aluminum 
parts can be soldered together fairly easily, provided the proper precautions are 
taken, but m all cases, irrespective of the solder emploj ed, the jomt is not permanent 
and fads after a short tune on exposure to moisture or humid atmospheres Joints 
fad because all the metals used in solders are electronegative to aluminum, and m 
the presence of wate* galvamc couples are formed, so that dismtegration takes place 
by electrolytic corrosion Soldenng should never be done if the joint is to be exposed 
to moisture or if it must withstand stresses Soldenng may be regarded as satisfac- 
tory if it IS desired simply “to stick parts together” and no permanence is required 
\MiiIe weldmg is the only method to be recommended for joining alummum and 
alummum alloy parts where the joint is exposed to the weather or must be strong, 
still m practice it is often, desired to solder, e g , in repairing slight defects m castmgs 
or m making small repairs on alummum parts The essential features of soldenng 
and weldmg are discussed briefly below 

The lumtationa of soldermg aluminum and its alloys have been thoroughly dis- 
cu8sed[63] and soldermg should certainly have very bmited spphcation m alummum 
u ork, and it never should be used for the assembly of structures Alummum solders 
usually consist of low melting pomt alloys of zinc, tin, and alummum, although many 
complex alloys have been suggested, containmg copper, lead, iron, bismuth, antimony, 
and other metals m addition The function of metals other than zme, tm, and alumi 
num in a solder is not clear, and practically any other added metal is of no use if not 
harmful Most commercial alummum solders that arc useful contain 40 to 80 per 
cent tm, 10 to 50 per cent zinc, and 0 to 10 per cent alummum, and the melting range 
IS about 200 to 600®C Their strength is 6,000 to 14 000 lb persq m and elongation 
2 to 20 per cent A ductile solder is desirable, and the presence of copper or antimonj , 
or excess of aluminum, which causes brittleness, is to be avoided Normally, the 
strength of soldered joints is not equal to the strength of the solder, and failure may 
occur through the solder and at the joint on breaking 

While vanous fluxes are recommended for soldenng these are unnecessary, and 
soldermg may be conveniently earned out as follows The surfaces to be soldered 
arecarefuUy cleaned with a file or emery paper, and are then" tmned" or coated with 
a layer of the solder by heatmg the surface and rubbing the solder mto it The joint 
between the “tmned” surfaces is then made m the ordmary way with a soldering iron 
and the solder Ingivmg the preliminary coat of “tm" to the surface, the solder may 
be rubbed m thoroughly with a wire scratch brush Soldenng may also he carried 
out by first electroplatmg the surfaces, and the joint depends upon the firmness with 
which the electrodepositcd metal adheres to the alummum Copper platmg is some- 
times u«ed Where soldenng is done directly without electroplating the effective- 
ness of the joint depends upon the adhesion between the aluminum and the initial 
layer of solder 

As indicated, the applications of soldering to aluminum and its alloys arc limited 
Soldering should ne%cr be used for structural assembly, but it is useful for makmg 
repairs on defective castmgs m the foundry[63], , m filling up small holes, blows, 
draws, etc It shoud not be applied m buildmg up large bosses or lugs, but is not 
dangerous for patching small defects that zoar the appearance of an otherwise good 
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casting. The best solders are tin-zinc and tin-zinc-aluminum alloys ; in the former, the 
composition is 16 to 50 per cent zinc and the remainder tin, and in the latter the 
composition is 5 to 12 per cent aluminum, 8 to 15 per cent zinc, and the remainder 
tin. 

Autogenous welding by an oxygas method is employed extensively in the aluminum 
industry for making joints of substantially pure aluminum and aluminum alloys, for 
the assembly of structures, and for making repairs and salvaging castings. Aluminum 
sheet is welded in building up tanks and vessels for the chemical industry, and when 
sheets are joined, butt welding by the oxyacetylene or other oxygas process is suit- 
able except in very light gage sheet where the edges are lap- or flange-welded. The 
o.xygas process of welding the hght aluminum alloys causes actual alloying of the parts 
to be joined and the welding material, and a fairly sohd alloy can be obtained at the 
juncture if proper precautions are observed. In the assembly of structures, a number 
of methods, such as riveting, folding, sewing, dowehng, and the like, have been 
replaced by welding. Autogenous welding consists in heating the two parts to be 
joined and then running liquid metal in at the juncture. In welding aluminum, it is 
useful to use an aluminum wire as the welding material, while for the light alloys a 
stick or rod of the same composition as the alloys is employed. In welding, the princi- 
pal difficulty encountered is the removal of the aluminum oxide from the surfaces to 
be joined and in practice this is accomplished by chemical (fluxes) or mechanical 
(puddling) means. Electric-resistance and electric-arc welding are used for aluminum 
and its alloys in addition to the oxygas process. Particularly has aircraft work made 
use of spot welding, but this is a subject for a book in itself. 

Many salts and mixtures of salts have been suggested for welding fluxes, but a 
flux that will dissolve aluminum oxide is required. The most suitable fluxes are mix- 
tures of alkali fluorides and chlorides as patented by Schoop[76]. A good flux for weld- 
ing consists of 0.124 lb. potassium carbonate, 0.33 lb. hthium fluoride, 2.53 lb. sodium 
chloride, and 3.0 lb. potassium chloride. While fluxes are generally used in welding 
aluminum, they are not favored in American practice for repairing castings, and in 
such work the aluminum oxide film is broken down mechanically by a puddling rod. 
Oxyhydrogen and oxyacetylene welding are done on both aluminum and its alloys, and 
the former is probably preferable. In welding aluminum sheet, e.g., building tanks, 
butt welding is suitable and a feeder of aluminum wire is used. The surfaces to be 
joined are heated, and the wire covered with flux is melted in the torch and run into 
place, being puddled down and smoothed off. Welding thin stock requires consider- 
able skill. 

The repair of aluminum-alloy castings is usually done by oxyacetylene welding, 
using no flux, with a welding stick of the same composition as the castings. For small 
welds, the casting should be preheated with the torch over a considerable area in the 
vicinity of the spot to be welded, but for large welds and even small welds on compli- 
cated castings it is best to heat the entire casting to 300 to 450°C. in a preheater. 
The stock in the vicinity of the place to be welded is melted down with the torch, and 
the hole so made is filled with liquid alloy from the welding rod, also melted by the 
torch. The metal is then puddled and poked with an iron rod until a pool is formed 
which ensures thorough allojdng with the body of the casting. The operation should 
be conducted rapidly, and excess alloy is scraped off while still pasty. Large castings 
should be cooled slowly in the furnace or in hot ashes after welding to avoid cracking. 
Heat-treated duralumin parts arc welded in aircraft assemblies, and such welds should 
be heat-treated. 

Several extensive bibliographies on aluminum and aluminum alloys have been 
published, and following are a few selected references to some of the more important 
publications on the subject. These will serve as a guide to the literature. 
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MAGNESIUM AND BERYLLIUM 

By Donald M Liddell' 

Introducbon — Magnesium is the hghlest metal of the alkah earth division of the 
second group and the hghtest metal employed for engineermg purposes of construction 
Its specific gravity is 1 74 Magnesium was little used in the United States prior to 
1914, and Its large scale production began in 1915 when German imports v. ere shut off 
Its development durmg the present war has been one of the outstanding metallurgical 
developments of the period It is probable its use was about suty times as great jn 
1943 as it was in 1938, say 390 000 000 lb as compared with 6,000 000 

Historical Survey — In 1808 Davy first made magnesium by the reduction of 
magnesium oxide with potassium vapor aod also by the electrolysis of anhydrous 
magnesium, chloride, but the metal obtamed was very impure In 1830, Bussy 
made magnesium by reduction of anhydrous magDcsium cblonde with potassium, and 
in 1852 Bunsen prepared it by electrolysis of the anhydrous chloride id a porcelam 
crucible, using a carbon anode and cathode In 1855, Matthiessen produced the 
metal by electrolysis of a liquid (fused) mixture of magnesium chloride and potassium 
chloride (4 3) plus a little ammonium chloride The first industrial production was 
undertaken in France by DeviUe and Caron in 1863 Their process entailed reduction 
of a mixture of anhydrous magnesium chloride and calcium fluoride by metallio 
sodium using closed iron crucibles as the containing vessels Deville showed also 
at this time that magnesium could be distilled in an atmosphere of hydrogen, and he 
prepared very pure metal by this process 

Later, Sonstadt introduced improvements lo the Deville Caron process, whereby 
the metal uas made by reduction of a mixture of magnesium chloride and sodium 
chloride with sodium in iron retorts, followed by distillation of the resulting impure 
metal In 1885, von Puttner produced magnesium by a process closely resembling 
zinc retorting In the process, a magnesium mineral (e g , magnesite) is first converted 
to the oxide, and this is reduced by carbon m heated retorts, the reduced magnesium 
distillmg and bemg condensed A number of patents were taken out after 1880 for 
processes specifying electrolysis of magnesium ealts, both aqueous and fused and for 
the reduction of magnesium compounds to metal by carbon, alummum, etc ,but these 
cannot be considered here In the ordmary electroly tic process, w hich was developed 
in Germany and which supplanted Sonstadt’s method, an anhydrous fused electrolyte 
bavmg the composition hlgClj KQ HaCl (or other mixture of the three chlorides) 
IS electrolyzed in iron cells using carbon anodes, the iron of the cells forming the 
cathode In this process, the magnesium is dissociated by the current, floats on top 
of the bath, and is ladled off This was the x>nnc>pal process employed in Germany 
prior to the war, and the same process or a modification thereof is still employed 
by several producers The first production in the United States was apparently bj a 
company that existed m Boston from 1865-1892 and which usedthe Sonstadt method, 
but it w as a small production chiefly for flashlight purposes The first production on 
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a large scale in the United States was probably by Cunniff Bros, (the Rumford Metal 
Co.), at Rumford Falls, Me., in 1914^1915, using electrolysis of the fused chloride. 

In the interval between the First and Second World Wars a process was developed 
for the electrolysis of magnesium oxide dissolved in a fluoride bath (strictly analogous 
to the Hall-H 6 roult process for the production of aluminum), and this period also was 
marked hy the rise of processes depending on the reduction of magnesium oxide by 
carbon, by carbides, silicides, and aluminum; these new processes will be described 
in some detail further on. 

Magnesium Sources, Ores and Minerals. — The ores, or raw materials, for the 
production of magnesium are extremely widely distributed, and magnesium is the 
fifth most abundant metal in the earth, following sihcon, aluminum, iron, and calcium 
in the order named. Magnesium constitutes 2.24 per cent of the earth’s crust (Clarke) . 
Unlike aluminum-mineral deposits, which are found only fairly frequently in suitable 
composition and tonnage for the production of aluminum by electrolytic processes, 
magnesium deposits, notably magnesite and dolomite, occur in large amounts, widely 
distributed, and of suitable quahty for magnesium production. Magnesium salts, 
notably the chloride, double chlorides, and sulphate, are found in salt beds and are 
constituents of saline springs, salt lakes, and the ocean. 

Magnesium is never found native. Table 1 shows the chief sources of magnesium. 

Table 1. — Magnesium Content of Vahious Sources of the Metal 


Mineral 

Composition 

Approximate per 
cent magnesium 

Dolomite 

MgCOs.CaCOs 
3Mg.2Si0..2H20 
(Mg, Fe)2Si04 

MgCO, 

Mg(OH )2 

3MgC05.Mg(0H)2.3H20 

MgSO^-H.O 

MgS04.KCL3H20 

MgCl 2 .KCl. 6 H 2 O 

2 MgSO,.K 2 SOi 

MgAl 204 

H2Mg3Si40l2 

H4Mg3Si209 

13 

Serpentine 

25 

Olivine 

28 

Magnesite 

28 

Brucite 

41 

Hydromagnesite 

26 

Kieserite 

14 

Kainite 

9 

Carnallite 

8.7 

Langbeinite 

11 

Spinel 

17 

Talc 

20.7-26.9 

Serpentine 

26 


.13 

Brines 


Variable 




In igneous rocks, magnesium is represented by amphiboles, micas, pyroxenes, and 
olivine. Talc, chlorite, and serpentine are common magnesium silicates, and dolomite 
is frequently found in enormous mountain masses. Magnesite is mined in Australia, 
Austria, Hungary, Czechoslovakia, British India, Canada, Greece, Italy, Spain, 
South Africa, and in the Pacific coast states of California and Washington. Dolomite 
is mined in California, Colorado, Illinois, Ohio, Pennsylvania, and West Virginia, and 
various foreign countries. The sulphate (MgSOi.THjO) is one of the principal saline 
constituents of many springs. There is a peculiar deposit of pure magnesium sulphate 
at Basque, B. C., and this salt is obtained commercially from a dry-lake deposit near 
Oroville, Wash., and from the bitterns of certain California salt works. Massive 
magnesium fluoride is mined in Italy. 
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In oceanic salts, magnesium chlonde makes up about 1 1 per cent of the total salt 
content, and oceanic w ater contains about one-eighth per cent magnesium, so that at 
100 per cent recovery, it would requuB about 200,000 gal of sea water to produce 
1 ton of metallic magnesium. Alagnesium-beanng bitterns are found at San Mateo, 
Cahf , Syracuse, N Y , Pomeroy, Ohio, Hartford, W Va , m the Saginaw Valley of 
Michigan, notably at Midland, in Colombia, in Germany; and elsewhere. The 
magnesium content of some inland salt lakes is high, notably Great Salt Lake, Utah, 
which contams 0 56 per cent magnesium Houghton Lake, at Dana, Saskatehen an, is 
underlam by a 1 ft thick la>er of salts, chiefly magnesium sulphate and sodium 
sulphate ITie principal and most famous salt-bed deposits contaming magnesium 
minerals are the great Stassfurt salt beds in Germany (Magdcburg-Halberstadt 
region) The principal magnesium-bcanng minerals of these beds are camaUite, 
MgCli KCI 6H,0, bischofile, MgCl*6H,0, and tachydritc, 2MgCl* CaCl, 12lIjO 
Magnesium bearing salt beds also occur in Spam, Alsace, and the United States 
While minerals and ores of magnesium are abundant, in practice raw materials for 
production of the metal are obtained from only a few sources These are anhydrous 
Bodium-magnesmm chloride, left after cstractioo of salt and bromine from bnnes at 
Midland and Ludmgton, Mich , carnallite from Stassfurt, magnesite (notably from 
Cahfornia), and magnesium carbonate, precipitated from dolomite, and some espen- 
mental production from olivine Magnesium is made from magnesium oxide obtained 
from sea water in the United States, Great Britam, Italy, and Japan Magnesium 
chloride is a by product of the preparation of potassium salts m Germany and in New 
Mexico and can be made very cheaply The magnesium content of magnesite as 
mined averages 25 per cent and that of carnallite 8 per cent 

Production of Magnesium. — Many processes for the production of magnesium 
have been patented, suggested, or actually used commercially. All these cannot be 
taken up here, but the following type processes may be mentioned* (1) reduction of 
magnesium compounds b> a metal, eg, reduction of anh>drous fused magnesium 
chloride with sodium, or of magnesium oxide with aluminum, (2) reduction of mag- 
nesium oxide by carbon, followed by subhmation and condensation of the metal, (3) 
reduction by ferrosilicon or related compounds, (4) eleclroljsis of anhydrous mag- 
nesium chloride or a mixture of magnesium cblonde and another chlonde (sodium or 
potassium chlonde, or both) m the fused condition, (5) electrolj’sis of magnesium 
oxide dissolved in a suitable fused bath, eg, \a magnesium fluonde, in a manner 
similar to the Hall-H&oult aluminum process, (6) electrolysis of aqueous solutions of 
magnesium salts, (7) electrolysis of magnesium sulphide m a suitable fused bath 
The first process, * e , reduction of magnesium chloride by sodium, has been used 
commercially, but it is out of the question for commercial production now, mvolnng 
as it does the use of electrolytic sodium The second process, involving carbon reduc- 
tion, forms the basis of important plants produemg about 4 per cent of the United 
States production[71 1 The ferrosilicon reduction process is used by the Ford Motor 
Co in Michigan, Jlagnesium Heduction Co , Luckey, Ohio (National Lead subsidiary), 
the Fermanente Metab Corp in California, and the New England Lime Co m Con- 
necticut[40], and will be used by the Electro Metallurgical Corp and the American 
Metal Co and is apparently produemg about 24 per cent of the United States produc- 
tionj57J The fourth process, * e , electrolysis of fused salt mixtures high m anhydrous 
magnesium chlonde, is largely employed at the present tune, and this process is used 
by the Dow Chemical Co and others to produce about 72 per cent of the United 
States production[57], by the Chemische Fabnk Greisheim-Elektron, and by the 
Magnesium Co m England The Mathieson Alkali Works plant at Lake Charles, 
La , and the Union Potash plant at Austin, Tex , will work on electrolytic methods, as 
I References are to bibliography at the enit ot the chapter 
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■will that of the Diamond Alkali Co. at Painesville, Ohio[36]. The fifth process is 
analogous to the aluminum-reduction process and -vvas developed and employed by 
the American Magnesium Corp., but apparently is not used- at present. The sixth 
process is technically unsound because of the high electrolytic-solution pressure of 
the metal (Eh = -i-1.55 volts). The seventh process appears feasible but has not 
been used commercially. 

The earlier methods for the production of magnesium have been described in pub- 
lished papers by Tucker and Jouard[2], Grosvenor[4], Phalen[10], Flusin[14], Allen[18], 
Boynton and his coworkers[19], Fedotieff[21], Miyake and Butts[28], Harvey[30], 
and others, and in many patents, e.g., those of Ashcroft, Seward, Backer, and 
Harvey. 

Magnesium Oxide from Sea Water.— The Dow Chemical Co.’s Texas plant was 
probably the first to use this process. The sea water is treated after sedimentation 
with hydrated lime made from calcined oyster shells, and the suspension is sent to 
Dorr thickeners, whence it goes to filters, for the production of a magnesium hydroxide 
cake. It would appear that a preliminary treatment with calcium hydroxide equiva- 
lent to the amount of iron and alumina in the water would be advisable if the mag- 
nesium hydroxide is to be used for the production of anhydrous magnesium chloride. 
It was reported to the author that Montecatini in Italy certainly gave such a pre- 
liminary treatment. In the Dow process, the magnesium hydroxide is then dissolved 
in hydrochloric acid for the production of magnesium chloride. 

If the magnesium hydroxide is to be used for the preparation of magnesium oxide 
to be reduced by ferrosilicon or carbon, the use of dolomitic lime is preferable to the 
lime from oyster shells as the precipitant, since this gives an additional amount of 
magnesium hydroxide at a low cost, and the impurities introduced by the dolomite 
would have no adverse effect on the process (H. H. Chesny process of preparing mag- 
nesium hydroxide). For these reductions, the magnesium hydroxide is dried and 
calcined at 900 to 1100‘’C. 

In the preparation of magnesium oxide from dolomite, it is important to remember 
that calcium oxide reacts with magnesium chloride to form magnesium oxide and 
calcium chloride, and that calcium is precipitated by sodium carbonate in the presence 
of magnesium chloride without precipitating the magnesium. 

Carbon Reduction Process. — This process, usually known as the Hansgirg process, 
has been described by Paul D. V. Manning[44] and by T. A. Dungan[58]. It was 
developed in Austria several years ago by Franz Hansgirg, and a small plant was 
operated until an explosion destroyed the enterprise. A similar installation, on a 
larger scale, was made first in England by two of Dr. Hansgirg’s associates and later 
in Korea by Dr. Hansgirg himself. In 1941, the Permanente Metals Co. at Per- 
manente, near Los Altos, Calif., built, under the supervision of Dr. Hansgirg, a plant 
for the production of magnesium metal, which utilized a modification of the original 
process. (This plant is sometimes referred to in the literature of the metal as the 
Todd-California Shipbuilding plant.) 

Magnesium oxide, produced as pure as possible, is mixed with carbon such as a 
petroleum coke. This mixture, made into lariquettes with a hydrocarbon binder, is 
_ then charged continuously into an electric furnace, the magnesium oxide reacting 
with carbon to produce carbon monoxide and magnesium metal. The reaction is 
reversible, i.e., the reaction tends to reverse so that carbon monoxide and magnesium 
produce magnesium oxide and carbon. The reaction goes in favor of producing 
magnesium metal at a temperature above 2000°C. Magnesium boils under atmos- 
pheric pressure at 1107°C. The equilibrium point of the reaction is reached at 
atmospheric pressure and stoichiometric proportions at about 1850°C. The essential 
point in this process is, therefore, the removal of the magnesium before it can react 
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with tte carbon monoxide to form eatboa and magaesium oxide, the process bemg 
carried on at about 2200®C 

In the onginal Hansgirg plant, bodl m Aostna m 1929, this -was accomplished by 
mixing the magnesium vapor and carbon monoxide, as it left the electric furnace, with 
a large quantitj of refrigerated hydn^en gas This accomplished what is termed 
“shock cooling” of the 'vapor, and the magnesium metal condensed as an impalpable 
powder Some impunties were earned over with the vapor, and since the melting 
of a metallic powder of this fineness la extremely difficult the next step was to form 
the pow der into small briquettes or pellets and charge them into a retort, from w hich 
the metal was distilled under a high vacuum, to be condensed as pure crj-stalUzed 
magnesium 
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gas is so proportioned as to maintain a temperature of not over 250°C. in the drum. 
Between the drum and bag filters is a heat exchanger which cools the gas to 80°C. to 
protect the filters. The filter dust contains approximately 60 per cent magnesium, 
20 per cent carbon, and 30 per cent MgO. 

This dust is mixed with an asphalt residue in cleaning solvent or kerosene, and the 
paste is extruded into the sublimation retorts, where the solvent is first distilled and 
the asphalt coked to form a nondusting mixture. 

The subhmation retorts are vertical cylindrical vessels 56 in. in diameter by 22 ft. 
high. The upper 8 ft. is the condenser, and there is a heat dam between the sublima- 
tion and the condensing portion of the retort. The sublimation is performed under a 
pressure of about 3 mm. of mercury at a temperature of about 800°C. The retort is 
heated by Nichrome resistance heaters, and there must be a vacuum outside the 
retorts as well as within to prevent the collapse of the retorts during the distillation. 

Metallic magnesium resulting from the shock-cooling part of the process is 
extremely pyrophoric; upon exposure to air, it will instantly catch fire. Therefore, it 
is necessary to store the powder and handle it under an inert atmosphere such as 
hydrogen or methane. The handling of the vapor and of this highly inflammable 
magnesium powder are the sources of the principal hazards and troubles that have 
dogged this process since its development. Numerous fires have occurred in plants 
using the process, and the Austrian plant finally blew up and was completely destroyed, 
as before indicated. In the modification of the Hansgirg process in use at Perma- 
nente, shock cooling is not accomplished by the use of refrigerated hydrogen but by 
natural gas. After the removal of the magnesium dust from the resulting mixture of 
natural gas and carbon monoxide from the cooler, it passes into cement kilns where it is 
used as a fuel. 

Considerable difficulty has been experienced in this process, owing primarily to 
the necessity of working under gastight conditions and also because of the high temper- 
atures required in operation[44]. 

Important work on the carbon reduction of magnesia has also been done by H. A. 
Doerner. His experiments with a small-scale plant are detailed in Chemical and 
Metallurgical Engineering, August, 1942. 

The cycle of cooling gas purification, if hydrogen is used, is ingenious, but unfor- 
tunately the details cannot be published. 

Carbide and Allied Reduction Processes. — Apart from the direct reduction of 
magnesium oxide by carbon, magnesium oxide can also be reduced by calcium carbide, 
silicon carbide, silicon, aluminum, and various silicides, such as those of calcium, 
aluminum, and iron. At least experimentally, the reduction with calcium carbide 
and with calcium silicide have been carried on in Italy and Germany. 

However, they are aU of minor importance, except for the ferrosUicon reduction 
(Pidgeon process) and the use of finely divided aluminum of poor quahty to produce 
first-class magnesium. 

The magnesium reduction with calcium carbide is said to be most advantageously 
carried on as a two-stage process. The magnesium oxide is mixed with an excess of 
calcium carbide over that necessary to effect reduction and the mixture heated for 
some time at 1050 to 1160°C. The residue from this operation is mixed with addi- 
tional magnesium oxide up to the theoretical quantity and there redistilled to produce 
additional metal. 

FerrosUicon Process. — Practice of the ferrosilicon reduction process as carried 
out by the Ford Motor Co. has been described by Paul D. V. Manning[44]. Dolomite 
is calcined to produce “dolime” and is ground to a powder with crushed 75 per cent 
ferrosilicon mixed with a binder. The proportion of dolomite to ferrosilicon is between 
five and six parts to one. The mixture is then briquetted. 
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Finishetl bnquettes are charged into honaontal retorts, 10 m jn diameter and 
22 ft long, made of chrome-nickel etecl, ^et in multiple in a furnace After chargmg 
each retort, the condenser co^ct is jwit m place A high-vacuum pump is started 
to maintain the charge in the retort under as high a vacuum as po«sible, and the heat 
u turned on around the retort This heat causes the reaction to take place between 
the fcTTOsdicon and the calcined dolomite Magnesium vapor is liberated and is 
deposited on a condenser head which extends into the end of the retort and n htch is 
cooled b\ water passing through its inner chamber The magnesium metal is depos 
ited on 8lcc%ca at the end of the retort Approximatelj eight hours is required for 
the completion of the reaction and about 70 lb of magnesium per retort should result 
Vcconling to the National Ilescarch Co of Boston it is possible to operate large 
retorts on ptvisures as low as 0 QQl to 0 023 nini of mercury 

Contaminated alum num scrap can used to good adiantage in this process 
after powdenng it to replace the jiowdercd ferrosilicon in part, and there seems to be 
no reason whj the complete substitution of powdered or granulated aluminum for the 
ferrosilicon could not lie carried out British patents 405097 and 4S783G cover the 
rMuetion of dolomite with silicon or ferrosilicon 

Rtlori* — ITie greatest flificultj m ll c fcrmsdicon process has been w ith the 
refort«[()l, 02) \anous allojs were tricil, of which the best were 35 per cent nickel, 
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15 percent chromium 2S per cent chromium 20perccntnickel 28 per cent chromium 
15 per cent nickel and 2o per cent cluxiinium IS per cent nickel All these seem to 
stand atmospbcnc corrosion at the oprroUng tempcfaturc (2150*F), but none was 
completely satisfactory In general, the bigh-chromium allojs were superior to the 
liigh nickel 

Th« first retorts were l<3 sn owtswfe diameter anti pi in wafi thickness, w hich was 
lafer increased to in wall thicknt^, hut c\cn then the retorts collspsetl from 
cxtirnal pressure It was found that at the temperature of operation the retorts 
could bo blown up to tlwir onginal dimewsMins at an air pressure of about 90 lb left 
on for a period of two or more hours It exentuali) became the routine procedure to 
blow the retorts up exorj 20 days or so A retort that survixcd a full year of pilot- 
plant scrtice had the following eomposilioa C, 0^3 per cent Mn, 0 89 per cent, Si, 
J 01 percent Cr, 20 99 per rent, Ni, J5 14 percent, P, 0 02 per cent S, 0 022 per cent 
Tlie actual results show that a somewhat longer average life appears to result from 
static casting than from eentnfugal casting 

One of the pro! Icms of this process which haa not >ct been solved is the selection 
of tholjcst and most economical type of retort I-or elTcetixe reduction, the tempera- 
ture must be msintainrsl within n narrow range onh slighllj below the softening 
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point of the chromium-niekel-steel alloys used in the retorts. The rate of collapse 
of the tubes in the first plants was higher than expected. The wall thickness of the 
retorts was increased in early 1943 to in. from % in. and with this change a longer 
life was attained. As possible substitutes for cast-alloy retorts, two other types are 
being tried, one with alloy sheet wrapped and welded around a mild steel tube, the 
other with a layer of chromium-nickel weld metal laid on a similar steel tube. Ford 
is said to have changed to plain steel retorts immersed in molten glassI40]. 

The ferrosilicon process is often called the Pidgeon process, after Dr. L. M. Pidgeon. 
Experimentation with 85 per cent ferrosilicon did not prove to have sufficient addi- 
tional value to justify its use, and the 75 per cent grade is being used. About 1.1 lb. 
is used per pound of magnesium produced[35]. 



Fig. 3. — Full-length view after initial collapse. (Courtesy of Foley and (Sebash‘onl62].) 


Magnesium Chloride Process. — The older magnesium chloride process for the 
production of metallic magnesium involves three steps, viz., (1) preparation of anhy- 
drous magnesium chloride as such or 'in admixture with alkali chlorides; (2) elec- 
trolysis of the magnesium chloride in a cell at fow voltage; and (3) purification of the 
resulting metal. In employing hydrous magnesium chloride as the-raw material, the 
water must first be removed, and it should be stated at the outset that the anhydrous 
salt cannot be produced” directly by heating the hydrous material. 

When aqueous solutions of magnesium chloride are evaporated and crystallized, 
the salt obtained is MgCl: 6H2O. If this salt is heated, it melts in its water of crys- 
tallization, and the reaction 


MgClo.fiHjO MgO + 2HC1 + SHjO 

takes place, so that the final product is magnesium oxide. The complete dehydration 
of hydrous magnesium chloride has been made the subject of many patents, and the 
usual methods employed entail heating the crystallized MgClo.fiHoO in admixture 
with alkali chlorides or in a current of chlorine or hydrochloric acid gas. Thus, in a 
process of the Dow Chemical Co., the hydrous chloride is first heatedjlO] at low tem- 
perature in admixture with 25 per cent sodium chloride plus a small amount of 
ammonium chloride, whereby about 50 per cent of the water is driven off. The partly 
dried mix is then cooled and reheated at higher temperature until the remaining water 
is removed. In the process of the Magnesium Co., the hydrous chloride is heated[80] 
for several hours at 150°C. in dry air; part of the water is driven off, yielding a product 
of the composition 73 per cent MgCl., 4 per cent MgO, and 23 per cent HjO. This 
material is then reheated in a current of hs'drochloric acid gas at SOCC., whereby the 
remaining water is removed, the magnesia converted to magnesium chloride, and a 
product containing 99-1- per cent magnesium chloride obtained. Recovery of chlo- 
rine is made in the Dow process and of hydrochloric acid in the process of the Mag- 
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nesmm Co In aU processes dev'iMd for the productjou of anhydrous magnesium 
chlonde, the object in view la to prevent eonversion of the chlonde to omde on heating 
A process onginally developed m Germany and later modified and used m England 
utilizes the electrolysis of magnesraui eWonde in a somewhat different way In this 
process, it is necessary that the magnesium chlonde be absolutely anhydrous, and it is 
produced by reacting calcined magnesite with carbon monoxide and ehlonne to 
form magnesium chloride and carbon dioxide In carrying out tbis process, the cal- 
cined magnesite is ground to a fine powder and muted with lime and magnesium 
chlonde together with fine coal and some peat moss to make the mass porous The 
mixture is then briquetted or else pelletized in a rotary kiln and fed into the top of a 
vertical chlorination furnace The lower part of each furnace or tower is packed with 
coke or other carbonaceous material so that when the mass is heated and ehlonne is 
passed in the above reaction takes place hlagnestuin chlonde runs from the bottom 
of the furnace as a molten anhydrous liquid Tins process is essentially the one that 
has been installed in Nevada by Basic Magnesium, Inc 144], controlled by the Ana 
conda Copper Mining Co 

After preparing anhydrous magnesium chlonde of a suitable mixture of this salt 
with alkali chlondes, the material is electrolyzed at 675 to 725*C m a suitable cell 
Although the decomposition voltage of magnesium chloride is only 3 25 volts, about 
5 to 8 volts are required in practice, and the current consumption is 12 to 14 kw -hr 
per lb of metal produced In the process, anhydrous magnesium chloride is added 
to the bath from time to time as electrolysis proiieeds in order to keep the bath within 
the required working limits of composition Where renewal of the magnesium chlo- 
ride u not made, a batch process results, and it is preferable to make the operation 
continuous Various types of celb are employed In a single-stage operation the 
cell IS a cjkndrical or rectangular iron box having carbon anodes, the iron of the cell 
serving as the cathode In some cells, a cathode of steel may be suspended in the 
bath The cell is heated externally in starting the process, but after electrolj’sis begins 
no further external heating is necessary, since the imposed current serves both for 
electrolytic dissociation of the salt and for mamtaining the temperature of the bath, 
although it has been rumored that I G Farben starts with cold cells, bringing them 
up to working temperature entirely by the use of electric current heatmg Durmg 
electro!} sis the metal collects at the surface of the cathode m the form of small 
globules, these gradually grow larger with further deposition of metal and finally 
detach from the electrode, rising to the surface, where they float The ehlonne is lib- 
erated at the anode and is swept out of the cell and recovered The magnesium is 
ladled out of the cell from time to time and cast into cnide ingots, or is ladled directly 
into iron potsforpunfjing Themctal is fluxed ui the pots with fused sodium magne- 
sium chlonde and cast into ingots or slicks A small i^U taking a IQWb charge yields 
26 to 28 lb of metal per 24 hr Figured ahows a formof cell in which a porcelain hood 
IS placed m the bath to keep the floating magnesium from contact with the anodically 
separated chlorine In this cell, nitrogen or carbon dioxide is used to sweep out any 
ehlonne that may penetrate to the cathode compartment The ehlonne from the 
anode is aspirated through the pipe shown and recovered 

The Magnesium Co , of WolvCThampton, England, employedtlS] a two-stage 
process in. order to avoid the use of a diaphragm or partitioned cell TTie cell was of 
cast steel with a firebrick hning, fitted with a gasUght cover carrying graphite anodes 
and means for outlet of the ehlonne TTie cell was charged wuth liquid lead for the 
cathode, and thu was covered mth the electrolyte into which the anodes dip Means 
were provided for circulating both the bath and the lead cathode The cell had a 
capacity of 5000 amp at a current density of 1500 amp persq ft with a voltage drop 
of 5 at the terminals The cell was self heating and produced about 100 lb of mag- 



MAGNESIUM AND BERYLLIUM 


53 


nesium per 24 hr. as a lead-magnesium alloy, with current efficienc}’’ of 85 per cent. 
The first operation was the electrolysis of the magnesium chloride electrolyte so as to 
produce a magnesium-lead alloy at the cathode, and in the second stage this alloy 
acted as the anode in another cell and the cathode consisted of a large number of steel 
rods immersed in the magnesium chloride electrolyte. The second cell was operated 
in series with the first at 5000 amp. and a voltage of 2. The total energy consumption 
was said to have been 8.5 kw.-hr. per lb. of magnesium produced, which seems low. 
The chlorine was aspirated from the cells to scrubbing towers and absorbed in milk 
of magnesia with the formation of magnesium chloride and chlorate, with subsequent 
recovery of the chlorate as KClOj; the magnesium chloride was returned to the 
process. 

Mathieson Alkali and Consolidated Mining & Smelting Co. of Canada are said 
to have worked out a cell that will operate even if the magnesium chloride contains 
20 per cent of water[57], the effluent gas being, it is said, almost pure chlorine. 



Fio. 4. — Cell lor magnesium production fr"«m magnesium chloride. {Rideal.) 

In a patent by Iwahashi and Kishimoto[6], an alternating current of suitable 
current density is passed into magnesium chloride in a cell using graphite, or carbon 
as anode and iron as cathode; the water in the chloride is evaporated, and the salt 
said to be fused without decomposition; after the fused salt ceases to bubble, it is 
electrolyzed by direct current. 

Magnesium Oxide Process. — A process for the production of magnesium that is 
analogous to the Hall-H6roult process for the reduction of aluminum was patented 
by Seward[71 and by Harvey[8] and was used by the American Magnesium Corp. 
In this process, substantially pure magnesia, MgO, was dissolved in a liquid (fused) 
electrolyte, consisting of about equal parts of magnesium fluoride and barium fluoride 
plus sufficient sodium fluoride to give the required fluidity, and electrolyzed. The 
magnesia was prepared by the calcination of magnesite obtained from the Pacific coast 
and shipped to the works at Niagara Falls, N. Y. (In an older patent by Seward 
and von Kiigclgenffl], a process was disclosed for the production of aluminum mag- 
nesium alloys by electrolyzing magnesium oxide dissolved in magnesium fluoride 
plus lithium fluoride, using liquid aluminum as the cathode.) The magnesium-oxide 
process is discussed by Har\my[30]. 

The cell or furnace used in the magnesium oxide process may be conveniently 
described by reference to Figs. 5 and 6. The former shows a transverse section of the 
furnace, and the latter is a plan. In the figures, 1 is a wrought-iron vessel supported 
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on bJocks 2, and 3 represents ♦be solidified portion of the bath 4 The cathodes are 
represented bj 5, which consist oi iron ot sted castings extending longiludinallj 
through the furnace and projecting through apertures 6 in the bottom A la>er cf 
asbestos 20 is placed betneen the cathodes and the furnace shell The anodes are 
shown at 9, and these arc of g aphite or carbon, suspended in the bath A lajer of 



Fio 5 — Magaesium reduction furnace (Seuard ) 

magneauro oxide 10 la maintained on top ol the bath as a source of rare material 
Cooling pipes 11 are arranged between the cathodes and anodes so as to cause solidifi 
cation of a portion of the bath to form \erttcal partitions of insulating material 
Hoods or collecting chambers are shown at 12 receiving the liquid TOagnesiura whicli 
ascends from the cathodes, these chambers ore made of cast or shcet>metal casings 13 
placed near the surface of the bath and suitably cooled The\ are show n as supported 



Fig 6 — Plan of raagDe^um reduction furnace (iSeuard ) 


from the upper edges of the side walls of the funsace shell 1 The inner wall 14 of each 
hood 13 situated sufDciently close to the cooling pipes 11 so that the mass of sohdified 
salts extends to the wall 14 and seals the space l^tween the wall and the pipes The 
liquid metal collected in the hoods or chambers may be drawn oS continuously or 
tapped intermittently from tapholcs 16 The cathodes 5 arc formed with shoulders 
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17 for reccivitig "tliG "wciglit of tlio furnacGj and have fiat bottoms 18 "which rest on fiat 
copper bus bars 19. The anodes are carried by rods 21 and fastened to bus bars 22. 
In operation of the process, the bath is maintained at about OSO^C. and its specific 
gra'vity at about 3.2. The magnesium oxide is added to the bath around the anodes at 
frequent intervals. The current may be 9000 to 13,000 amp. at an e.m.f. of 9 to 16 
volts. The average current efficiency may be taken as 50 per cent "with a power 
efficiency of 40 per cent. The dissociated oxygen burns at the carbon anodes; the 
magnesium is liberated at the cathodes and rises into the collecting chambers from 
which it is removed. The metal was refined by remelting with a flux, and specially 
pure metal was prepared by volatilizing the crude magnesium and condensing it.i 

Magnesium oxide is only slightly soluble in the fluoride bath — ^in which respect it 
differs considerably from aluminum oxide — the solubility being only about 0.1 per cent. 
Strictly speaking, therefore, the process is probably not a direct electrolysis of the 
oxide. It has been suggested that the mechanism is as follows: 

MgFj = Mg + F2 

, MgO "b F2 = MgFo “b O 

C + o = CO 

Commercial Forms of Magnesium. — Substantially pure magnesium is supplied 
to the trade in the form of sticks, ingots, blocks, rods, bars, tubes, sheets, plate, 
extrusions, wire, powder, foil, and ribbon. Powder is made 40 to 200 mesh, depending 
upon requirements. For deoxidizing, the metal is furnished as sticks or in the form 
of extruded ingot with diameter of about 134 Flashlight powder usually runs 
100 to 150 mesh, while powder for signal lights in marine and military work is usually 
50 mesh. Sheet and plate are available in almost any thickness, while rod is produced 
from % to 134 in. Tubing is made up to 134 in. outside diameter, and wire is fur- 
nished from No. 36 to No. 00 B. & S, gauge. Ribbon is usually made 34 in- wide by 
0.006 in. thick. Sand and permanent-mold castings are made in both magnesium 
and its light alloys. 

The Nicol process for the production of magnesium powder is to atomize the 
molten metal b}' a high-velocity stream of nitrogen. Table 4, page 60, gives a num- 
ber of the commonest alloys, as well as the specifications for Grades A, B, and C. 

Cheirucal Properties of Magnesium. — The impurities in magnesium may be 
divided into two classes, viz., metallic and nonmetallic. The former include aluminum, 
barium, calcium, copper, iron, silicon, sodium, and potassium. The nonmetallic 
impurities are usually salts of magnesium such as the oxide and chloride, and chlorides 
of calcium, potassium, and sodium, as well as occluded bath material and carbon. 
The bulk of the nonmetallic impurities may be eliminated by a remelting operation. 

Pure magnesium (99.99 -b per cent) is a silvery-white metal. It consists of three 
isotopes of masses 24, 25, and 26, in the relative amounts of 7:1:1, jd elding a mean 
atomic weight of 24.336, as compared with the chemical value of 24.32. Magnesium 
is a basic clement and forms salts with mineral and many organic acids. The metal 
docs not oxidize in dry air, but when e.xposed to moist air it loses its silvery luster 
and becomes coated with a film of the oxide and possibly carbonate (and hydroxide). 

' One of the problems of this process is to produce o pure magnesium o.xide, since the electrolyte 
will bo contaminated by the progressive building up of any impurities in the added MgO. C. E. 
Dolbcnr claims a cyclic process for the production of the pure oxide, based on (1) boiling impure mag- 
nesium oxide with ammonium sulphate, the magnesia going into solution; (2) passing the liberated 
ninmonin into cold pure magnesium sulphate solution. 

MgO -b (NHOiSOi + aq. = MgSO. + 2NH, + aq. (hot) 

MgSOr + 2NH. -f- aq. = Mg(OH), + (NHi).SO< + aq. (cold) 

'(■he reaction is said to be applicable to magne-sium carbonate also. 
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Magnesium reduces most oxides, liberating the corresponding metal or nonmetal 
Magnesium has a high heat of combustion, the heat of formation of magnesium oxide, 
MgO, being about 146,000 cal per gram atom The molecular heat of formation 
of AljOj IS about 386,000 cal , or about 128,700 cal per gram atom The explosibility 
of magnesium dusts is high, being about 114 as compared with 100 for standard Pitts 
burgh coal dust The metal (particularly la powder or ribbon form) burns easily m 
air and n ith an intense white light, \ ery rich in actinic rays This property makes 
magnesium valuable m photographic work for flashbghts The spectrum of burnmg 
magnesium more nearly resembles that of the sun than any other element Magne- 
sium does not bum directly in the air to oxide, but is converted first to the nitride, 
which then burns to the oxide The reaction is accompanied by a faint yellow' glow, 
followed by the peculiar incandescence and white light Massive magnesium does 
not readily bum in air except at temperatures far above the melting point 

Dilute acids dissolve the metal rapidly, with violent evolution of hjdrogen 
Caustic alkali solutions have no action, but hot aqueous solutions of ammonium salts 
attack It Strong sulphuric acid acts slowly on magnesium, and mixed acid (sulphuric 
plus iiitne) has slow action at the ordinary temperature At 20®C water does not 
attack the metal, but at 100°C water is slowly decomposed with the formationof 
magnesium oxide and hj drogen The action on hot water Js thought to be due to 
galvanic action betw een the metal and the impurity iron therein hlagnesium unites 
with nitrogen below the melting point to form magnesium nitride, MgiNs, and 
phosphorus reacts with it to form the phosphide (^^giPt) With boron it forms the 
boride (MgiBj), and it reacts with carbon to form the carbides (MgCs and MgiCi) 
The metal reacts with hydrocarbon gases to form these carbides, setting free hydrogen 
It docs not react with hydrogen but can be distilled m an atmosphere of this gas In 
general, magnesium resists the attack of alkalies and hydrofluoric acid, but is attacked 
by saline solutions and most acids(30) One use of potential importance after the war 
IS the possibility of using the metal on a la^e scale to synthesize organomagnesium 
halides, such reagents being known as “Grignard's reagents “ 

Corrosion —The information given above as to the action of chemical reagents 
on magnesium is suggestive in determining the corrodibility of the metal and its 
alloys Magnesium and its alloys are more corrodible than aluminum and aluminum 
alloys when exposed to the ordmary corrosive agents But substantially pure 
inagnesHim and light alloys made from such metal exhibit adequate corrosion resist- 
ance to ordmary air, they are attacked by solutions of acid salts, neutral solutions of 
acid salts, and especially by halogen salts GasoUne, kerosene, and lubricating oils 
have no action Solutions of cellulose esters dissolve the metal Both the mefal 
and its alloys can be pioteeled from ordinary atmospheric and other mild corrosives 
by painting with lacquers, varnishes, and paints, and by special coatings Thus, 
treatment in a bath of sodium bichromate, copper nitrate, and nitric acid causes 
formation of a colored oxidized layer, probably some copper compound, that protects 
against atmospheric corrosion Backerlll] has patented a coating process in which 
a strongly adherent coating of magnesium hydroxide, Mg(OH)j, is put on by heating 
the metal or its alloys in water or steam to temperatures above IO0®C for 15 min 
under ordinary or raised pressures The corrosion of magnesium by water can be 
inhibited by the presence of a small percentage of potassium dichromate in the water 
\V S Loose has patented the use of eolations of hydrofluoric acid, hydrofluosihcic 
acid, bone acid, and acid and neutral fluondes, followed by treatment wuth an arsenic 
compound (assigned to Dow Chemical Co )[451 

^ysical and Mechanical Properties of Magnesium — Magnesium is the lightest 
metal used for structural purposes, having a speoific gravity of 1 74 The metal 
weighs 1091b pcrcu ft The specific gravity in the liquid state (at C73®C ) is 1 56, 
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and the solidification shrinkage is 4.2 per cent. The lo\v value 1.74 for the specific 
gravity makes an equal volume of magnesium weigh about two-thirds as much as 
aluminum. Magnesium is slightly malleable when cold but very malleable and ductile 
at 350 to 450°C. The metal and certain alloys can be cast readily in iron molds and 
dry-sand molds and also worked into shapes. Both magnesium and its light alloys 
machine easily and take a fine finish. When heated in vacuo, magnesium sublimes 
and deposits in crystals. Table 2 gives a summary of the physical and mechanical 
properties of magnesium; the figures may be compared with the corresponding prop- 
erties for aluminum in the chapter on the Metallurgy of Aluminum and Aluminum 


T/Vble 2. — Physical, AIechanical, and Other Properties of Magnesium^ 


Property 

i 

Units for expression 

Value 

Specific gravity, 20°C 

1 

Grains per cubic centimeter , 

1.7388 

Specific gravity, liquid, 673°C' 

Grams per cubic centimeter 

1.562 

Melting point 

Degrees Centigrade 

651 

Boiling point 

Degrees Centigrade 

1120 

Thermal e.xpansivity 

Increase in length per unit of 
length per degree Centigrade 
(0 to lOCC.) 

0.0000259 

Thermal conductivity 

Gram-calories per centimeter cube 
per degree centigrade per second 
(c. g. s. units). 

0.350 

Latent heat of fusion 

Gram-calories per gram 

70 

Latent heat of vaporization 

Gram-calories per gram 

1,700 

Specific heat 

Gram-calories per degree Centi- 
grade (20 to 100°C.) 

0.249 

Specific electrical resistance 

Microhms per centimeter cubed, at 
20°C. 

4.46 

Temperature coefficient of resis- 

Per degree Centigrade (20'’C ) 

0.0040 

tivity 



Magnetic susceptibility 

H X 10®, at tS^C. 

+0.55 

Hardness (cast) 

Brinell (10 mm., 500 kg., 30 sec.) 

30 

Hardness (cast) 

Scleroscope: 



Magnifier hammer 

20 


Universal hammer 

12 

Tensile strength (cast) 

Pounds per square inch 

13,000 

Yield point (cast) 

Pounds per square inch 

3,000 

Elongation (cast) 

Per cent 

6 

Reduction in area (cast) 

Per cent 

6 

Ckimpressive strength (cast) 

Pounds per square inch 

32,000 

Transverse strength (cast) 

Pounds per square inch 

32,000 

Heat of combustion to AlgO 

Calories per gram-atom 

146,000 

Heat of chlorination to MgClj. . . . 

Calories per gram-molecule 

152,000 

Heat of sulphuration to MgS 

Calories per gram-atom 

80,000 

Electrolytic solution potential 

against calomel electrode 

Volts 

2.82 

Atomic weieht 

0=16 

24.32 

* Datii collected from various sources* 
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Allojsm this work Mapncsiumjsagoodbeanngmctal The mechanical properties 
of some magnesium allojs are discussed below under Allojs Magnesium has low 
proportional limit and ductilitj, which features preclude its use for some purposes 
Moore(29] gi\es «ome tests on the mechanical properties of the metal and one alloj 
Magnesium Alloys — Magnesmm-rich alloys are the lightest known useful allojs 
for engmeermg constniction, their specific gravity falling m the range 1 75 to 1 90, 
roughly Their tensile strength lies m the range 20,000 to 50,000 lb per sq m , 
dependmg upon the alloy and the condition, te, whether cast or worked Mag- 
nesium forms allojs with moat metals, and the commercial allojs are represented by 
certain magnesium-amc, magnesium-ahimmum, magnesium-cadmium, magnesium- 
alummum-zuic, magne«ium-a!uminum-cadmium-coppcr, magnesium-alummum-zinc* 
manganese, and other alloj s Magnesmm-zme alloy s are represented by the so-called 
“Elektron metal” of the Chemische Fabnk Gnesheim-Elektron, while magnesium- 
aluminum allojs are made bj’ the Dow Chemical Co under the name Dow metal 
Substantiallj’ pure magnesium and an alios of the nominal composition 995 05 
magnc«ium-zmc h i\e been marketed under the name “tork metal ” 

Some teats hv^o been reportwl bj Peckina»!ell5| on the properties of German 
Elektron metal of the notnunl lomiwsilion 9^ 5 5 0 6 magncsium-zuu^coppcr 



Txo 7 Perforated crucible for adding magnesium to alloja (^oernAotn ) 


The properties of three samples in the form of cj lindneal rods w ere as follows specifit 
gravity, 1 78 to 1 79, llnncll hanlnc».s (1 mm ball, 10 kg ), 48 to 63, jield point, 
17,000 to 2Q, 900 lb peraq m tensilcstrength, 30, IW to 41,2001b persq in,elongn 
tion, 13 to 19per cent, specific tenacity, 250to2S4 yield point m compression, 6700 to 
18,800 lb per eq in , and compressive strength, 50,000 to 53,500 lb persq m 

About twenty years ago, 87 13 roagnesium-coppcr alloy was cmplojcd consider- 
ably for pistons m Germany , w hilc the 90 10 magnesium-copper alloy w aa used some- 
what. The 90 10 magnesium-aluminum, 88 12 nngnesium-alummum, and the 
90 8 1 1 magnesium-aluminum-copper-csdmium allojs have all been chill-cast for 
pistons, while the 89 10 1 magnesiura-aluminum-silicon alloy has been used for 
piaton-bm bushings The 87 13 magnesjum-copper alloy, sand-cast, has a tensile 
strength of about 20,000 lb persq in , 1 5 per cent elongation, and 55 Brmell hardnc's 
number Other alloys that have bwn emplojeil uicludc the 90 5 5 magnesium- 
alummum-zinc alloy (for aircraft castings) and the 99 1 magnesium-silicon alloy (for 
pistons) Certain of the magncsiuni-liase allojs arc heat-treatable, e g , magnesium 
aluminum The heat-treatment of such allojs, as ui the case of aluminum allojs 
depends on the retention in solid solution of a soluble constituent bv quenching and 
Its subsequent precipitation m finelj dispersed particles by aging Thus, a Leat- 
trcatablc magnesium-aluminum alloj maj be quenched from 42o‘’( and aged at 
200*C’ to cause precipitation of the Mg*U- Certain intermediate allo\p, cjj 
50 50 and 20 80 magnesium-copper, lia\e been use<l for deovidizing in nonferrous 
practice, and the 09 31 niuminum-magncsium alloy has been employed for mirrors 
under the name ‘‘mirror metal ” 
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In general, the magnesium-aluminum-zinc alloys are far superior to the mag- 
nesium-aluminum alloys. As the zinc may run from to 3 per cent, and the alumi- 
num from 6 to 10 per cent, the scrap problem is greatly complicated if several alloys 
are in simultaneous production, and this has apparently militated against their use 
in the United States. 

Alloys of Mg 91>^ :A1 8:Zn 3^ and Mg 90:A1 93^; Zn3^ are superior for founding 
practice. Alloys with 6 A1 and 3^ Zn or with 2 per cent Mn are good extruding alloys; 
the 8 Al, 34 Zn is very poor for this use. AVhile the manganese alloys are superior in 
corrosion resistance, they are below the aluminum-magnesium alloys in strength. 

The usual nomenclature and general properties of the alloys currently used in the 
United States are given in Tables 3 and 4. 

The H alloy (American 4) is apparently a favorite German alloy. It is tough, but 
inclined to porosity. The Germans also use 3 Al; 1 Zn; 4 Al, 3 Zn; 834 -A-l; 34 Zn; and 

934 Al; 34 Zn. 

The alloy of magnesium with 834 Al;334 Zn is said to give an ultimate tensile 
strength of 15 to 18 tons per sq. in. after heat-treatment. 

As a matter of fact, all magnesium castings should be heat-treated for about 
6 hr. at 840°F., and a protective gas must be used in the oven. About 34 to 1 per cent 
sulphur dioxide in the furnace atmosphere gives the castings ample protection. The 


T^vele 3. — Magnesium Aleoy Specification Equivalents* 


Type 

Basic 

Magnesium, 

Inc., 

alloy 

A.S.T.M. 

Navy Bureau 
Aeronautics 

Army 

Air 

Corps 

speci- 

fication 

Dow 
Chemi- 
cal Co. 
Dow- 
metal 
alloy 

Ameri- 
can Mag- 
nesium 
Corp. 
alloy 

Alloy 

No. 

Speci- 

fication 

Alloy 

No. 

Speci- 

fication 

Cas/triff: 









Sand casting. ...... 

BMr-4 

4 

B-80-41T‘ 

4 

M-112 

57.74-10 

H 

AM-2G5 


BMI-U 

11 

B-80-41T‘ 

11 

M-112 


M 

AM-403 


BMI-17 

17 

B-80-41T* 

17 

M-112 


C 

AM-2C0 


BMI-A8“ 



! 






BMI-AZ91- 








1 

Dio casting ' 

BMI-13 

13 

B-94-40T<> 


M-3B9 

11319 

K 

AM-203 


BMI-AS” 





1 




BMI-AZ910 








I’ennancnt mold .... 

BMI-A8“ 









BMI-AZ91” 








IVrouff/it: 









E.xtrusions 

BJII-AZSSS- 

9 

B-107-41T 







BMI-8 

8 

B-107-41T 

8 

M-12G 

11320 

J 

AM-57-S 

i 

BMI-II 

11 

B-107-41T 

: 11 

M-12G 

11320 

I^I 

AM-3-S 

Forgings 

BMI-AZ85- 

9 

B-91-41T 







BMI-8 

s 

B-91-41T 




J 

AM-57-S 


BMl-9 

9 

1 

B-91-41T 



11321 

0 

!AM-58-S 

Sheet 

BMI-S 

s 

B-90-41T 







BMI-U 

11 

B-9Q-41T 

11 

M-IU 

11317 

M 

AM-3-S 


' Courtesy Basic MaBnesium, Inc. 


« These nlloys arc siroilar to the English and German allo.\-s of these numbers. 

‘ These specifications are tor the castings themselves. The ingot specifications are B-93-41T. 
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Table 4. — Magnesium Allots in Common Use. — {ContirMed) 
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NONFBRROUS METALLURGY 


treatment for 6 hr at840®F may be considered a minimum E F. Cone recommends 
12 hr at 715 to TSO^F for solution and 16 hr additional at 350'F. for agmg[56] 
Magnesium is a constituent of certam alummum alloys, e g , duralumm, zinc dura 
lumm, magnaliums, and so-called -alloy of the National Physical Laboratory 
(02 5 4 1 o 2 alummum-copper-magnesium-nicke!) Magnesium is present in dura- 
lumin and zinc duralumm m an amount of 0 5 to 1 0 per cent, and by tbe formation of 
magnesium sihcide, MgiSi, la largely responsible for the duralumin phenomenon 
Magnalumins are aluminum-nch alloys containing magnesium up to 10 per cent and 
magnesium with other elements 

Melting and Castmg — Magnesium alloys are more difficult to prepare than are 
aluminum alloys In practice, the magnesium is usually melted in cast iron or steel 
pots fired by oil or gas and the alloys nilh alummum and with zinc are made simply 
by adding definite amounts of eohd metals to hcyuul magnesium Manganese is 
preferably added by using a flux that contains manganese chloride, the manganese 
being reduced by the magnesium The Dow Chemical Co has two such fluxes, its 
No 250 (melting) consists of 23IvCl, 72MgCli, 2>^BaCls and 2>^CaFj Ihia flux is 
usually used following a refining with the Dow No 230 flux, which is a general open 
pot flux consisting of SoIvCI, 34MgCli, 9BaCl», and 2CaFs The Dow Chemical Co ’s 
No 320 IS another flux used for the introduction of manganese This contains 
76MnCli, 13CaFj, and llMgO This is used after a refining with No 310 flux, which 
consists of 20KC1, SOMgClj, ISCaFt, and 15MgO 

The British refinmg fluxes used whore ne use the Dow 320 and 230 are MgCU, 
30, NaCl, 30, KCl, 30, and MgFt, 10, or less commonly MgClt, 89, CaClt, 15, NaCl, 
7, KCl, 7, CaFj, 20, MgO, 12 

A flux recommended by Dow Chemical forrefinmg metal in a covered pot provided 
nith 50] surface protection is No 220, 57KCI, 28CaClt, 12)iBaCl!, and 2>^CaFt 
This flux is removed after refining A British flux used for neUiDg is MgCL, 33, 
CaCl], 80, NaCl, 16, KCl, 15, and MgO, 1 

There arc various other fluxes on the market that appear to be mixtures of the 
various chlorides and fluorides already mentioned, and some appear to contain borates 
and bone acid and sulphur Sclitciber and BeckllTJ patented the use of sulphur as a 
flux, the idea being to cau^e a layer of sulphur vapor to float above the liquid metal, 
iiliile aboie that Mas a layer of sulphur dioxide from the combustion of this vapor 
Veazey' and Burd!ck[12] and Gann[l3] held patents for various halide mixes, but these 
patents bo ?e now expired Oxidation on meltmg has been discussed by deFleuryl31] 
m a paper that is still a classic 

The older n orkers recommended that magnesium or its alloys should not be heated 
to a temperature exceeding 1350”F , but it appears that a superheatmg (say 15 mm ) 
at 1C50 to 1750*F refines the gram of aluminum alloy However, if this is given, it i® 
important that the metal be brou^t, down to pourmg temperature and poured witb 
little delay The gram refinement is rapidly lost on standing at pouring temperature® 
(say around 1450“F > 

Magnesium cannot be poured into green sand (water tempered) molds since n 
reacts with the moisture For green-sand molds with magnesium, the usual water is 
replaced mth kerosene, glycerine, or ethylene glycol, which prevents ignition of the 
hot metal A sand of IG to 2G grade should be used ‘ An exception to the above is 
in the use of symthetic sands [such a mixture is silica sand (minus 40 mesh) 91 per 
cent, bone acid, per cent, sulphur, per cent, bentonite 4 per cent) This 
mixture has been successfully employed usmg about 3H per cent of water for mixing 
Cores may be bonded with dextrin, corn oil, or sodium silicate solution and baked 
> Tbe Americnn Foundry-RK^a s Asaocistion u oains the following clauiSeation for foundry aand 
Clav content !■ denoted by letter 
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The synthetic sand mentioned above may be used for cores, but in tbis case the sand 
is a little coarser than 40 mesh, and a little less sulphur is used. Some authorities 
recommend a dusting of the mold with bentonite or graphite. The sand for mag- 
nesium-alloy casting should be permeable and the molds freely vented. Magnesium 
cannot be poured directly into molds; some device such as a pouring cup must be 
used to break the fall of the metal, so as to reduce the amount of air carried into the 
mold as greatly as possible. A current of nitrogen or chlorine gas flowing through 
the molds is sometimes recommended to reduce the porosity of the castings, but 
does not appear to be necessary. Gates and risers of great size must be used; in fact, 
the gates and risers may weigh two and one-half to three times what the casting does 
from which they are cut off[64]. 

Precipitation of Iron. — ^There is a tendency for iron to be introduced into mag- 
nesium alloys through the magnesium itself, from the iron pickup in remelting mag- 
nesium scrap, from the aluminum, from the flux, and from the crucible itself. If 
manganese is introduced by the use of manganese chloride or the Dow 250 or 320 flux, 
spoken of above, to the saturation point during the superheating to produce grain 
refining, the iron is precipitated to the bottom of the crucible on reducing to the pour- 
ing temperature. The iron contents may be reduced to 0.001 per cent by this process. 
Any attempt to remelt or reheat such high-purity alloys appreciably above 1300 to 
1350°F. in steel crucibles will inevitably lead to recontamination by iron. 


A sand — • 0 up to but not including 0.5 per cent clay 
B sand — 0.5 and up to but not including 2.0 per cent clay 

C sand — 2.0 and up to but not including 5.0 per cent clay 

D sand — 5 . 0 and up to but not including 10 . 0 per cent clay 

E sand — 10.0 and up to but not including 15.0 per cent clay 

F sand — 15.0 and up to but not including 20.0 per cent clay 

G sand — 20.0 and up to but not including 30.0 per cent clay 

H sand — 30.0 .and up to but not including 45.0 per cent clay 


The fineness is then expressed by a series of arbitrary numbers, derived as follows: The sand, freed 
from clay, is screened, and the residues on the screens expressed as per cents are multiplied by the 
following factors: 


Through 6, 
Through 12, 
Through 20, 
Through 30, 
Through 40, 
Through 50, 
Through 70, 
Through 100, 
Through 140, 
Through 200, 
Through 270 


On 6 mesh 
on 12 mesh 
on 20 mesh 
on 30 mesh 
on 40 mesh 
on 50 mesh 
on 70 mesh 
on 100 mesh 
on 140 mesh 
on 200 mesh 
on 270'mesh 
mesh 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


3 

5 

10 

20 

30 

40 

50 

70 

100 

140 

200 

300 


The products of these mtiltiplications are then added and divided by the total percentage of sand, 
I.C., the clay is excluded. The sand is then classified according to the quotient thus obtained. 


No. 1 sand 
No. 2 sand 
No. 3 sand 
No. 4 sand 
No. 5 sand 
No. G sand 
No. 7 sand 
No. 8 sand 
No. 9 sand 


corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 

corresponds 


to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 
to quotients from 


200-300 
140-199 
100-139 
70- 99 
50- 69 
40- 49 
30- 39 
20- 29 
10- 19 


From "Standards and Tentative Standards for Testing and Grading Foundrj' Sands,” American 
Foundrymen’s Association, July, 1938. 
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As indicated previous!}, magnesium is used to a considerable extent as a deoxidi 2 er 
in nonferrous foundry practice It is also a minor alloying element or a constituent 
in subordinate amount in certain allies For making fixed additions of magnesium. 
It IS advisable not to add the entire amount at once by simply throwing the metal 
into a liquid melt, but small pieces may be pushed under the surface by tongs and 
held until dissolved If thrown into a Iiqmd melt the magnesium will break up, 
float on the surface, and burn A useful device for making fixed additions of mag- 
nesium IS a form of “phospliorizer,” sudi as is used in adding phosphorus to alloys 
The tubular device of Naylor and Hutton (U S patent 1475055) is useful, or the 
perforated crucible [10] shown ui Fig 7 may be employed 

Impregnation of Magnesium Castings — Even with the utmost care, there is a 
decided tendency for magnesium castings to be porous This tendency can be cor 
rcctcd to some extent by impregnating the castings with tung oil or with sodium silicate 
solution under pressure In the case of sodium sibcate, the casting has to be ihor 
oiighly cleaned or unsightly stains result Tung Oil seems to be the better reagent, 
though It has been difficult and sometimes impossible to get under war conditions 
Pressures up to 200 lb per sq in and temperature up to 475°F are often used This, 
of course, necessitates carrying the process on in an autoclave 

Anodizing — Consobdated \altee Aircraft Corporation has recently announced 
that It has a coiiosion and abrasion resisting finish, produced by anodizing in an 
alkaline solution, which will apparently be made generaUy available to industry 
Lxcept that it requires a fairly close temperature control (from 171 to 179*F), no 
details have been given out 

Mechanical Treatment — Both magnesium and certain magnesium nch alloys 
can be readily rolled hot and to some extent cold, but when rolled cold frequent anneaU 
mgs are necessary between passes m order to avoid cracking Both the metal and 
magnesium base alloys containing, for example, up to 10 per cent alummum or zinc 
are worked (rolled or forged) at 350 to 400*C , and extruded at 550*C The ordinary 
ribbon is made by pressing the semifluid metal into wire and then flattening it The 
powder is made by disintegrating the metal in the pasty condition, or by mdlmg 
Magnesium and its alloys arc soldered with great difficulty, but welding is done similar 
to aluminum welding The use of a sbghtly reducing oxyacetylene flame and fluoride 
fluxes is recommended Both magnesium and magnesium alloys may be machined 
very rapidly and easily, and the machmabibty of magnesium is unexceeded by any 
other metal It exhibits no dragging tendency as docs aluminum, and all machine-tool 
operations can be carried out much foster than on aluminum and its alloys eldmg 
13 also carried on, usmg a hollow electrode through which helium is passed to give a 
neutral atmosphere 

Metallography — ^Alagnesium has a hexagonal close-packed lattice, with lattice 
parameter a = 3 22 and c = 5 23 (axial ratio 1 624) Magnesium does not work well 
because of its crystal structure The ductile and malleable metals (like aluminum) 
have face-centered cubic lattices The constitution and metallography of many 
binary systems of magnesium with other metals have been exammed, and the dia 
grams of thermal equilibrium published[2a] Magnesium and its alloys may be 
etched satisfactorily with dilute acids, e g , acetic acid and nitnc acid A solution of 
1 per cent hydrochloric acid plus 0 5 per cent mtnc acid m alcohol is also a satisfactory 
etching reagent 

Selected Bibhography — The literature on magnesium in general, particularly the 
chemical side, is large A few of the more important references are given below 

1 Lejeal, a "L’aluminium, le baryum, le strontium, le calcium, le manganese, et 
le magnesium,'’ J B Balhdre ct fils, Rms, 1894 
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BERYLLIUM^ 

Sources. — From a commercial standpoint, the only beryllium mineral now war- 
ranting attention is beryl, SBeO.AUOj.eSiOj, which is of fairly widespread occurrence. 
The chief deposits are in Brazil, Argentina, India, Canada, and Portugal. When pure 
this contains about 14 per cent beryllium oxide. The mineral richest in beryllium is 
phenacite, (Be0)2Si02, or beryllium orthosilicate, which contains 45.55 per cent 
beryllium oxide when pure. If anyone is ever fortunate enough to discover a large 
deposit of it, it will revolutionize berjdlium metallurgy. 

Gadolinite, 2Be0.Fe0.2Y20a.2Si02, is often referred to as a beryllium mineral, 
though the occurrences are comparatively scant and it is of more interest as a source 
of yttrium than it is of beryllium. 

There has been a good deal of talk recently regarding some occurreilces of helvite 
occurring in the United States. Hehdte is a complex manganese-iron beryllium 
silicate, and apart from difficulties that would arise in its treatment because of its 
composition, the beryllium content of the known deposits is not high. 

Early Metallurgy. — The element beryllium was first isolated by L. N. Vauquelin in 
1797." He crushed and heated beryl, having the idea that this heating made the 
mineral more readily amenable to attack by chemicals, and then mixed the mineral 
with three times its weight of caustic potash and fused the mixture. The melt after 
cooling was dissolved in hydrochloric acid, dehydrated, and again taken up with 
hydrochloric acid and filtered to separate the silica. The filtrate was treated with an 
excess of potassium carbonate, and the precipitate after draining was leached with 
a solution of caustic potash which dissolved the alumina. The undissolved material 
was, in Vauqueliu’s own words, unc terre nouvellc. He dissolved this precipitate with 
nitric acid and evaporated to dryness, took up udth hydrochloric acid and threw the 
iron out vnth potassium hydrosulphide, though he found that to make a complete 
separation of the iron involved a second treatment. The solution after throwing 
out the iron had a pronounced sweet taste, and though Vauquelin always speaks of 
working on ierre du biril he suggests that the new element should be known as “glu- 
cine ” (glucinum) from the Greek word for sweet, because of this outstanding property. 

Vauquelin did considerable work tpi the comparison of aluminum and beryllium, 
working out a separation of most of the aluminum based on its precipitation as alum. 

' .tn .ibridgement of this section, by the editor, appears in the Non-ferrous Metallurgj- volume of the 
American Institute of Mining and Metallurgical Engineers, 

’ Ann. ckim. phys., Vol. 26. pp. 115-179. 1798. 
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IHs work. IS re^^ewed at some length since ordmanl) his procedure is incorrectly 
set forth in modem metallurgical ^ otks It will also be recognized bj those ho have 
stuilied berj Ilium metallurg} that a good mans technicians have foUon ed lus ideas 
since including preheating the berjl before treatment, which has e%en been allowed 
ns an in\ cntion in recent patent clauna The fusion with caustic alkali has been done 
bj II \ arron (ISW) G j^ouboff (1902) J H Pollok (1903), C L Parsons and 
Baraes (1906) F Bran and G ^ an Ordt (1907), L Petit-DevauceUe (1926) and C F 
Brush H Fischer II H Armstrong G Jaeger, and C Adamoli, to cite only those 
processes immediately occurring to the author R H McKee worked with alkalies 
in solution m an autoclave rather than b} fusion 

\ auquelin also pros ed the existence m the emerald of the same new element that 
he had found in beryl 

Ilumphrej Dai’j (about ISOS) and Uohler (1827) produced an impure metallic 
berjUmm b> reducing the oxide with metalbc sodium or metallic potassium 

The first use of alkaline carbonates as decomposition agents came over half a 
century bter Ilenn Dehraj m 1854 pulverized beryl and fused it with half its 
w eight of calcium oxide ‘ The mass obtained by this fusion he powdered and treated 
w ith dilute nitric acid until a homc^eneous jeUj was produced Then he evaporated 
the jelly to drymess and calcmed until the nitrates of beryllium and iron were decom 
posed as well as some of the calcium nitrate This residue he treated with ammonium 
chlonde Apparently he counted on the evolution of ammonia by the decomposed 
calcium lutrato to keep most of the iron and alumina in the insoluble residue wvth the 
silica If there was no evolution of ammonia, he argued that he had not earned his 
calcination far enough He filtered oS the solution of beryllium and calcium and 
poured the filtrate into an excess of ammoiuaeal ammonium carbonate solution and 
Allowed the mixture to stand for 7 or 8 days, and then added some ammonium hydro* 
sulphide to precipitate the iron completely He then filtered off the pure beryllium 
solution, which he concentrated by boiling until basic bery Ilium carbonate separated 
as a white powder Again, metallurgists who have worked with herylbum will 
recognize that Uebray a caustic lime decomposition of beryl has formed the basis for 
at least o dozen metallurgical processes based on this method of attack 

Debray refers at some length to Berlhier's work on the separation of beryllium 
from alumina Berthier suspended the well washed mixture of these earths in water 
and passed m sulphur dioxide until they dissolved, after which he boiled off the excess 
of eulplmr dioxide Berliner claimed that the alumina precipitated and left the 
Iwry Ilium m solution Dcbray thinks it is an mfenor Eeparation, although it still 
figures m some modern patent work 

The first decomposition of beryl with fluorine that the author has found was that 
of G Shefler m 1858 who heated beryl with fluorspar and sulphuric acid, thus driving 
•aCT. tbA Vo-ifixflrasmt- awli -a lijio ATmm 

lie leached the residue with dilute sulphunc acid and threw out most of the alumina 
asanammonmmoreodiumalum Thcrestofthcalummawasthrownoutby treating 
the solution with zinc, which produced an uiaoluble basic aluminum carbonate The 
line which had dissolved then had to be in turn removed m part as potassium zinc 
sulphate and finally as zme sulphide, the berylbum eventually being precipitated 
by the use of ammonium carbonate 

John Gibson m 1893 decomposed beryl with ammonium fluoride This will aKo 
be recognized as a precursor of various recent patents P Lebeau as early as 1895 
described a proce« based on fusing beryl witTi twice its weight of calcium fluonde, 
which he stated could be done at a eompacatively moderate temperature Hft 
■4sii film ptiri tot 61 3<i scrlM pp S— (t IS5S 
•itss CIm./’iUrm. tot 3S p 114 147 1669 
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treated the melt with sulphuric acid, driving off silicon tetrafluoride and hj’^drofiuoric 
acid. 

Lebeau also treated beryl in an electric furnace with an excess of carbon, reducing 
some of the silica to silicon, which distilled off, and in part reducing it to silicon carbide 
and ferrosilicon. The aluminum and beryllium were converted into carbides. This 
electric-furnace product disintegrates by weathering and is easily attacked by sulphuric 
acid. 

In 1915, H. Copaux took out French patent 476475 which is based on fusing beryl 
with sodium fluosilicate. This process, sometimes with the addition of alkaline 
hydroxides or carbonates or of sodium fluoride, has since been followed by a number 
of inventors. 

Electric-furnace Processes. — Other metallurgists also worked with the electric 
furnace. L. Burgess produced beryllium carbide or berylhum silicide in an electric 
furnace, distilling off beryllium chloride. He also reduced under such conditions as 
to form tetraberylUum trisilicide and also worked on a method for concentrating 
beryllium in a scoria by forming ferrosilicon in the furnace, using an insufficient 
amount of carbon to reduce the beryllium (U.S. patent 1905340 of 1933). 

B. R. F. Kjillgren also worked on this idea of the production of ferrosilicon (U.S. 
patent 2092621 of 1937). 

H. Lowenstein based his process on the production of beryllium sulphide, using ' 
pyrite as a source of his sulphur and thus sulphurizing the beryllium (U.S. patent 
1777267 of 1930). 

D. Gardner worked on the production of beryllium sulphide by sulphurizing with 
carbon disulphide in the presence of an excess of carbon at 1800 to 2000°C. (U.S. patent 
2166659 of 1930). 

H. H. Armstrong reduced with carbon or CaCs at a temperature high enough to 
volatilize the Si, then leached with H 2 SO 4 (U.S. patent 2273168 of 1943). 

Reduction to Metal. — Although certain early experimenters following the proce- 
dure of Davy and Wohler claimed to have produced beryllium 99.8 per cent pure, it 
seems probable that Lebeau was the first to prepare metal of this or higher purity, 
which he did in 1894 by electrolyzing Na 2 BeF 4 at a temperature below red heat, using 
a nickel crucible to contain the electrolyte. This crucible also served as his cathode. 
The anode was graphite. 

One of the great obstacles to recovering beryllium as the pure metal is its extreme 
lightness. The slags or scorias produced by chemical reduction are often heavier 
than the metal so that the metal floats on top of them instead of being protected by 
them. In the electrolytic production of beryllium, the fused electrolyte is often 
heavier than the metal, which means that it is difficult to prevent the metal from taking 
fire at the anode. This lightness of the metal is one of the reasons why it is easier to 
produce a master alloy of beryllium rather than the pure metal. 

Commercial Processes. — In general, modern processes for beryllium production 
are based on bringing beryllium into solution as an alkaline fluoberyllate as initiated 
by Copaux or as beryllium sulphate or chloride, usually, in the last-named methods, 
dissohdng the beryllium after a preliminary decomposition of the beryl by an alkaline 
hj'droxide or carbonate or an alkaline-earth oxide or carbonate. High-temperature 
chlorination has also been resorted to for the direct production of chloride, using 
chlorine, hydrochloric acid, and carbon tetrachloride or various combinations of them. 

The fluoride-recovery processes take various forms, as the fusion with sodium 
fluosilicate as devised by Copaux spoken of above, or by attack by hydrofluoric acid 
at high temperatures, or silicon tetrafluoride at high temperatures, or in organic 
solution; by treatment with ammonium fluoride both as a gas or in solution under 
pressure; by the use of acid sodium fluoride either under pressure or at high tempera- 
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ture, and moat recent o( all by the Kawecla pcocesa (U^ patent 2312297 of 1943) 
employing sodium iron fluoride (iron ciyolite) 

All these processes depend on the fact that the alkaline fluoberyllates are soluble 
m water though berylhum fluoride la not 

As stated above, sulphate solutions are usually prepared after decomposition of 
the beryl with the alkaline or alkaline earth hydroxides or carbonates, though Sawyer 
(US patent 1823864) m 1931 claimed the use of sulphuric acid on the beryl itself 
after heating to 1000°C Jaeger and WiUem 1939 (U S patent 2160547) claimed that 
beryl could be decomposed by treatment with sulphuric acid or acid sulphate if a 
small amount of fluonde n as present, stating that only one-tenth of the amount of the 
costly fluonne radical was nccessarj in this process that n ould be required for a com 
plete decomposition of the beryl with fluorine 

One mventor ra*her dodges his responsibditics by statmg that he prepares a 
sulphate solution ' m any well known manner ” 

Reduction to Metal —There is no outstandmg method for the reduction of beryl 
hum metal any more than there is any process for the decomposition of beryl that is 
comparatively unequaled There are various patents and processes covering the 
electrolysis of beryllium fluoride or beryllium oxyfiuoride, BeO SBcFi such os those 
of Cooper, Zeppelin, Fischer, and Adamoli for the electrolysis of beryllium fluoride 
m solution in molten calcium fluonde and id vanous halide electrolytes, and for the 
electrolysis of beryllium chloride m electrolytes where the metalhc base of the solvent 
IS more electropositive than is berylhum, such as sodium, potassium or lithium 
chloride or mixtures of them The electrolysis of beryllium hydroxide or berylhum 
chlonde in solution m anhydrous ammonia has also been patented by Booth Torrey, 
and hlerlub Sobel (U S patent 1893221) The use of sodium or potassium to reduce 
berylhum halides over 100 years ago by \anous experimenters has already been 
commented on Magnesium has also been used to reduce the normal sodium fluo* 
beryllate, NatBeF« the monosodium fluoberyllate, NaBeF*, and also beryllium 
chlonde It may be noted in passing that tho reduction of chemically pure NaiBeFi 
by pure magnesium is likely to result in a disastrous explosion The direct reduction 
of berylhum oxide by magnesium faib because of the extreme mfusibihty of the oxide 
The reaction quickly comes to a halt because of the lack of contact between the reducer 
and the material to be reduced 

Beryllium is Lke alumium in that reduction by carbon produces a carbide rather 
than berylhum metal It likewise resembles aluminum m that the reduction of 
beryllium and a basic met».l for the production of a master alloy can bo performed bj 
the use of carbon, which reaction has been patented by Gahagan (2193482) and Gruber 
and Hessenbruch (2228310) Berylhum can also be produced in the same manner as 
magnesium by thermal reduction with carbon, the beryllium being volatilized and 
then condensed Beryllium can alsobe reduced by carbon in the presence of hydrogen 
Some experimenters have claimed that the hydix^n must be in the atomic form but 
the writer does not feel sure that this has been proved 

Other properties that make the metallu^y of this element a perplexing problem 
are the followmg the metal has a high fusion point end a high vapor pressure at a 
temperature of not much above the fusion pomt, the pure metal is exceedingly light 
and has a tendency to float on slags and on fused electrolytes the babdes are all highly 
deliquescent, and after they have absorbed watCT from the air, they cannot be recon 
verted to an anhydrous salt by simple heating as all the halides hydrohze readily, 
when beryllium hydroxide is precipitated it has a tendency to occlude and adsorb 
other salts and there is also a tendency to form basic and oxysalts In short berylhum 
deserves the cbaractenzation given it by Hr C B Sawyer, of being ‘ the a 
No 1 metallurgical headache ” 
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Perosa Process. — While it would be possible for anyone to construct his own flow 
sheet from the information that has already been given, it may be of interest to follow 
in detail the recovery of the metal by the Perosa process. 

The beryl is heated and is then crushed and ground so that 100 per cent passes 
100 mesh. It is then mixed with acid sodium fluoride in the proportion of 4 atoms 
of fluorine to 1 atom of beryllium, and this mixture is briquetted. The beryllium 
is converted to sodium fluoberyllate when the briquettes are sintered at 650 to 800°C. 
The sintered briquettes are crushed and ground and leached with hot water. The 
filtered solution is then purified from iron, manganese, and alumina by being made 
exactly neutral by the addition of sodium hydroxide, and a little potassium perman- 
ganate is added. The iron-manganese-alumina precipitate is filtered off, and an 
excess of sodium hydroxide added to the solution. Beryllium hydroxide is pre- 
cipitated, which is filtered off, washed, and dried. The drying temperature should 
jiot exceed the decomposition temperature of the hydroxide by more than a few 
degrees; for if it is dried at too high a temperature, its reactivity becomes less than 
if it is dried close to its decomposition point. After drying, the material is ground 
in a paint mill with acid ammonium fluoride, which converts the hydroxide to ammo- 
nium beryllium fluoride. The ammonium-beryllium fluoride is then briquetted and 
heated at a temperature sufficiently high to drive off the ammonium fluoride, leaving 
pure beryllium fluoride behind. This beryllium fluoride is then reduced with mag- 
nesium or a magnesium alloy in the presence of some of the metal of which it is desired 
to form a master alloy. 

Because of the high cost of fluorine, no matter what the form in which it is obtained, 
the solution from the precipitation of the beryllium hydroxide must be treated to 
recover fluorine, as must also the slags from the final reduction. 

Uses of Beryllium. — Except for alloying purposes, the metal has no great value. 
The greatest use of beryllium is in the production of alloys with copper. These alloys 
require proper heat-treatment to bring out their best characteristics, this heat-treat- 
ment being covered by U.S. patents 1975112 and 1975113 issued to Masing and Dahl, 
rights to which are held by the Beryllium Co. of America. When properly heat- 
treated the alloys, particularly in the r.ange 2.3 to 2.6 beryllium, develop a tensile 
strength comparable to good steel v/ith a fatigue limit which far exceeds that of many 
steels. The beryllium-copper alloys, even when the beryllium is in small quantity, 
have a high resistance to many forms of chemical corrosion. 

Some of the beryllium-nickel alloys, particularly those approximating 4 per cent 
Be, 98 per cent Ni, also have an amazing resistance to corrosion and have fine mechan- 
ical properties. It is understood that these alloys have been used to a considerable 
extent for surgical instruments bj^ the Germans. 

The supply of beryUium has been insufficient during the war to meet even the 
demands for master alloys to make cuproberyllium, nickel-beryllium, and some other 
alloys for military use. There has been some interesting work done on light alloys of 
magnesium, aluminum, and beryllium stabilized with at least two other elements and 
employing fairly high percentages of beryllium (in the neighborhood of 22 to 25 per 
cent). Mlicther these alloys will find any commercial use after the war will have to 
wait until it can be seen what the ber 5 dlium supply will be and what will be taken by 
the low-percentage uses. 

Determination of Beryllium. i—The ore, usuaUy beryl, should be ground until 
100 per cent passes 100 mesh. Fuse 0.5 g. of the ground ore with potassium sodium 
carbonate in a platinum crucible, for at least 20 min. 

* Courtesy Lucius Pitkin & Co., New York, 
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Transfer the melt to a poreelam casserole, and dissolve in HCl Evaporate to 
dryness on a water bath, repeating the evaporation with HCl to ensure dehydration of 
the silica After the second evaporation, bake in a hot plate 

Filter off the insoluble residue, dry and ignite m a platinum crucible, then treat 
the residue with IIF and HiSO* until the silica is expelled Fuse the sihca-free 
residue m platinum with HKSO4 and dissolve the melt, filter, and add the filtrate to 
the mam solution 

The solution is made slightly ammoniacal and the excess ammonia boiled off 
Filter, redissolve the precipitate in HCl, and rcpreapitate with NH| 

Evaporate the united filtrates to fumes with an excess of sulphuric acid, dissolve 
in water, filter, and once more treat with ammonia If there were fluorides m the 
original sample, more NHj precipitate a ill form Add it to the mam NHi precipitate 
if It does 

Dissolve the hydroxide precipitate in 5 to 10 cc of HCl, and dilute the solution to 
about 400 cc Make barely ammoniacal, and then make barely acid with HCl 
Then, while stirring, add an excess of hydroxyqumolme solution (5 per cent m 2N 
acetic acid), then 10 cc of neutral concentrated ammonium acetate solution Heat, 
while stirring, to fiO^C , on a water bath and allow to stand If the precipitate is not 
too voluminous, it can be filtered on filter paper, otherwise it should be filtered on a 
gooeh with the aid of suction Wash well with cold water 

The filtrate contams the Be, the precipitate contains the iron and alumina Add 
excess NH,, boil on a hot plate to expel the excess then filter off the Be(OH)i on an 
ashless filter and wash with hot water containing some ammonium acetate and a few 
drops of NH| 

Dry in a platmum crucible, incinerate carefully, and heat m a full Bunsen flame 
to constant weight The residue is Be BeO X 0 362C - Be 

The iron and alummum can be determined m the hydroquinolme precipitate after 
destroying the organic matter by a treatment with nitric acid and sulphuric acid 
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THE ALKALI AND ALKALINE-EARTH METALS 

By A. C. Loonam^ 

This chapter deals with eight metals which occupy a pecuhar place in metallurgy. 
Three of them, calcium, sodium, and potassium, are among the five most abundant 
metals in the earth’s crust. Two others, barium and strontium, are plentiful and 
even the rarest, cesium, is no rarer than such well-known metals as cadmium, mercury, 
and antimony. Lithium is actually as abundant as zinc, and rubidium is also widely 
distributed. Their compounds are of great importance in every phase of life, yet 
the metals themselves are not generally known. Only one of them, sodium, is pro- 
duced in considerable quantity, but practically all of it goes for use as an industrial 
chemical and not as a metal. 

^^The reason for this, of course, is that these metals lack the physical properties that 
make others valuable. They are soft, weak, and rapidly corroded, and are therefore 
unsuitable for structural purposes. However, they have properties that make them 
of interest to metallurgists. They are all good conductors of heat and electricity; 
they form alloys that are liquid at the melting point of ice; their very reactivity makes 
them valuable as scavengers; their ability to form high melting compounds with some 
metals has resulted in new methods of metal purification; some of them show definite 
promise as minor alloy constituents; and last, but by no means least, three of them 
are becoming very important in the new and rapidly grorving field of electronics. ... 

THE ALKALI METALS 

The alkali metals, in the order of their economic importance as metals, are sodium, 
potassium, lithium, cesium, and rubidium. These metals are the most electropositive 
of all the elements. They are silver}’’ white, soft, and malleable. The hardness 
decreases in the order Li, Na, K, Rb, Cs. Lithium, the hardest, is softer than lead, 
while sodium and potassium are readily kneaded in the fingers. All have the same 
crystal structure, a body-centered cubic lattice. 

They are only slightly affected by dry air, but in moist air they quickly become 
coated with layers of hydroxide and carbonate which are not protective. In the case 
of lithium, the nitride appears to form first and then is hydrolyzed by the atmospheric 
moisture. For this reason, they must be kept either in sealed containers or under an 
inert liquid such as kerosene. When heated in air, they react to form peroxides such 
as Na;Oj and Lithium is an exception to this in that it forms -a mixture of 

o.xide and nitride. 

They react vigorously with water, alcohol, and dilute acids at ordinary tempera- 
ture, with the evolution of hydrogen to produce either the hydroxides or the corre- 
sponding salts. These hydroxides are very soluble, strongly alkaline, and very 
caustic, and are the most stable known in that they can be heated to very high tem- 
peratures without dissociation. 

The salts of these metals are colorless, except when the acid radical is colored. 
IMost of them arc readily soluble in water. The few notable exceptions are the car- 
bonate, irhosphate, and fluoride of lithium; the pyroantimoniate and some complex 
ConsultiiiR TDCtaWurBist, DeutscVi & Loonam, New YorV. 

73 



THE ALKALI AND ALKALINE-EARTH METALS 


75 


the world, the most important United States deposits being in the New York-Penn- 
sylvania-Ohio area, in Michigan, along the Gulf Coast of Mississippi, Liouisiana, and 
Texas, in Kansas, and in the western Virginia-West Virginia area. 

While some salt is mined by underground methods, the greater part is recovered 
by drilling wells, admitting water, and pumping the brine out. Considerable quan- 
tities of salt are also recovered from sea water by solar evaporation, from salt lakes, 
and from underground brines. 

Other sodium salts, such as the nitrate, sulphate, carbonates, and borate, are 
also found naturally in economic quantities. Of these, the nitrate and borate are 
valuable for their acid radicals, while the output of the others is small compared with 
supplies from other sources. 

Metallurgy. 1. Thermal . — Although sodium was first prepared by electrolysis by 
Davy in 1807, this method was to wait for over three-quarters of a century before 
being placed in commercial use, mainly because of the lack of large supplies of electric 
current. 

Meanwhile, thermal methods were developed. In 1808, Gay-Lussac and Thenard 
observed that metallic iron would reduce sodium hydroxide at high temperature. 
In the same year, Curaudau discovered that sodium carbonate could be reduced by 
charcoal. This process was brought to its highest state of development by H. Sainte- 
Claire Deville who used the metal in his process for producing aluminum. j_He heated 
an intimate mixture of NajCOa, charcoal, and chalk in a horizontal iron retort and 
condensed the volatilized sodium in a specially designed condenser. This condenser, 
developed by Donny and Maresca in 1852, presented a large surface for radiation 
and was a considerable advance over those previously in use. The purpose of the 
chalk was to prevent the separation of the fused carbonate from the rest of the charge. 
Later it was found that the addition of iron or its oxide to the charge accelerated the 
reaction. 

Later, H. Y. Castner invented a process in which sodium hydroxide was reduced 
in iron retorts by highly carburized iron. This apparently was considered an improve- 
ment over the Deville process. 

Sodium can be liberated from its compounds by other reducing agents. Alumi- 
num, magnesium, and, probably, also calcium and calcium carbide wiU reduce the 
hydroxide at high temperatures. Calcium and calcium carbide will react with the 
chloride. Finalb’', 75 per cent ferrosUicon will reduce the oxide. This fact has 
become widely known in the last few years as a result of the use of this reducing agent 
for the production of magnesium. The sodium present in the calcined dolomite was 
reduced and volatilized. It condensed at a point nearer the end of the retorts than 
the magnesium and frequently ignited when the retorts were opened. An outstanding 
contribution of Dr. L. M. Pidgeon to the success of this process was his development 
of a condenser in which the sodium was collected separately from the magnesium and 
therefore had less chance of igniting the latter when it caught fire. 

2. Elcclrohjlic Methods . — It has not j'et been found possible to deposit sodium 
directly from aqueous solutions of its compounds. The reason for this is the high 
discharge potential of the metal compared with that of hydrogen. Theoretically, this 
diflercnco could be overcome by using a solution in which the ratio of concentration 
of sodium ion to hydrogen ion is sufficiently high or if a high hydrogen overvoltage 
could be secured at a sodium surface. However, even a saturated sodium hydroxide 
solution does not give the ion ratio required, and the greatest practical current densi- 
ties do not give the needed overvoltage. 

Sodium can be readily electrolyzed into mercury from aqueous sodium-salt 
solutions. This is comparatNely easy for two reasons: (1) the discharge potential 
of the sodium is lower because a dilute solution of the metal in mercury is produced. 
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and not the pure metal and (2) the hjdrogeno\cnoltage at a mercury surface is high 
Thousands of tons of sodium are electroljsed into mercury from J\aCl solutions m 
alkah chlorine cells e^c^y year only to have the amalgam decomposed by reaction 
with water to produce caustic soda 

The possibility of reco\ermg the sodium bj distillation of the mercury from this 
amalgam has attracted the attention of m^entors for many years, and this mterest 
contmues The chief difficulties apparently have been the large amount of mercurj 
to be distilled per unit of sodium produced, losses of mercury m the process, and the 
difficultj of remov-mg the last traces of mercury from the sodium Howes er, the 
apphcation of modern physicochemical methods maj overcome these and make 
the process commercially feasible One recent patent,' for instance, calls for cooling 
of the amalgam from the cell to crjstalhze out a solid phase much ncher m eodium, 
which is removed hy filtration and treated further while the impoverished mercury 
IS returned to the cell Another* describes the use of an alkalme-earth metal, such as 
calcium to remove the last traces of mercury from the molten alkali metal in a 
manner similar to the use of sme in the Parkes process 

At the present time, practically all metallic sodium is produced by the e!cctrolj«is 
of fused salts A great many ingenious cells hav e been designed for this purpose, some 
of them even reaching the stage of commercial operation, but only two, those of 
Castner and of Downs have stood the test of tunc 

The Castner Cell — The development of direct-current gencratmg machinery 
during the seventies and eighties of the last century provided the large supplies of 
cheap clectnc power requued for electroij'lic processes H Y Castner patented his 
cell in 1800 It quickly displaced the thermal processes and reached a dominant 
position, which it held until about 1924 when the Downs cell appeared It is now 
no longer in use m the United States 

The cel) w bicb is shown in Fig 1, consisted of a cast iron pot open at the top and 
with an opening at the bottom to which an uon sleeve was attached The iron 
cathode leadin passed up through this sleeve and was held in place and insulated from 
it b} frozen electrolyte The cathode itself, the enlarged end at the top of the leadm, 
w as also of iron The anodes were suspended from the cover of the cell, to w luch the 
positn e lead w as attached, and were of iron or nickel, if of iron, the anode and cover 
were sometimes cast in one piece Through a hole in the center of the cover, and 
carefully insulated from it was suspended another iron sleeve to the bottom of which 
was attached a cjlindcr of iron or nickel gauze This cylinder served as a metal 
well and had a removable cover to permit removal of metal, while the gauze that 
hung between the clcctrodca prevented the sodium from reaching the anode, smee its 
high surface tcn«ion and its mabiLlj to v» ct the gauze prevented it from passing through 
the meshes The cell cover had openings for feed and for escape of gases 

The electrolyte was fused sodium hjdrovide This matenal has several advan 
tages its melting point is low, 318*C , it is not corrosive to iron, and the anode product, 
oxygen, permits the use of iron or nickel as anode and requires no elaborate collecting 
sjstem 

The temperature of operation was kept as low as possible, not more than 10 to 20* 
above the melting pomt of the bath, which was lower than that of pure caustic because 
of the presence of impurities, including water The reason for this was that the 
current efficienej fell off rapidly and became smalt at onlj shghtly higher tempera- 
tures Even at best, the eflicicnc> could have been no better than 50 per cent, as an 
amount of li 5 drogen equivalent to that of the sodium was liberated at the cathode 
Tins hjdrogen ramc from decomposition of the water which was produced together 
•U 6 82218U 

> Briuih ptl«nt iOStl2 Miy 4 1932 
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with oxygen by the discharge of 0H~ ion at the anode and carried to the cathode. 
The solubility of water in NaOH at operating temperatures is considerable. The 
presence of this hydrogen necessitated the greatest care to prevent its mixing with 
oxygen and causing explosions. As it was, minor explosions were of frequent occur- 
rence owing to a number of reasons.^ 

During operation the liberated sodium was removed from the metal well by means 
of a perforated ladle which permitted the fused bath to drain off while retaining the 
metal. In actual practice, the current efficiency averaged about 40 per cent, while 
the cell voltage was about 5.0. The energy consumption was therefore about 6.6 
kw-hr. per lb. of metal. 



\\ The Downs Cell. — The logical raw material for the production of metallic sodium 
is'^ommon salt. It is cheap and plentiful, chlorine can be recovered as a coproduct, 
and current efficiencies much greater than 50 per cent should be obtainable. On 
the other hand, it has a number of disadvantages; its melting point is high (803°C.), a 
temperature at which the vapor pressure of sodium, which is lighter than salt, is 
almost half an atmosphere; it rapidly attacks refractories; and the chlorine produced 
is difficult to handle. Its advantages were early recognized, and numerous attempts 
were made to overcome the difficulties. Some workers, such as Ashcroft and Carrier, 
tried to use a divided cell similar to the mercury caustic-chlorine cell. Molten salt 
was electrolyzed in one compartment with a graphite anode and a molten lead cathode. 
The chlorine given off at the anode was collected, while the lead-sodium alloy was 
caused to flow to another compartment containing molten caustic soda. Here it 
served as an anode with the result that the sodium was electrolyzed out of the alloy 
and deposited on an iron cathode suspended in the bath. Other workers, including 
McNitt and Seward and von Ktigelgen, attempted to produce the sodium directly. 

It remained, however, for J. C. Downs, =* in 1924, to solve all the difficulties involved. 
This cell, which is shown in Pig. 2, and which now accounts for by far the greater 
part of the sodium produced in the United States, must be ranked with the Hall 
aluminum cell and the Dow magnesium cell as one of the most successful fused 
electrolytic cells yet developed. It consists of a steel box lined with refractory and 
insulating brick. The graphite anode extends downward through the bottom of the 

‘ Allmand and ELniNaHAM, ".Applied Electroclicimstrj'.” p. 498. 

’ V. S. patent 1501756 (1924). 
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tank to the electrical connections The cathode is an iron ring supported on iron 
leads that extend through the sides of the cell to the electrical connections Over 
the anode, and submerged in the electrolyte, is a conical bell which, according to the 
patent, may be of iron or refractory, for collecting the chlorine Surrounding the 
lower edge of the bell is an mverted annular launder, also submerged, for collecting 
the sodium Screens attached to the edges of this launder and extending downriard 
on both sides of the cathode sen e to prevent the sodium from bemg carried an aj A 
riser attached to the top of the launder permits the metal to flow contmuously into 
an external sump The riser extends far enough above the bath level so that the 
metal, because of its low specific gra\ity, can overflow but the bath cannot The 
riser and sump also permit the metal to cool before it is discharged An opening in 
the cell cover is provided for chargmg 



Fio 2 —The Downs sodium cell (From Ricgel e Industrial Chemistry,*' p 314, courltty 
of RttnMd Publuhma Co ) 

The electrolyte is not pure salt but a mixture of this with calcium chloride These 
form a eutectic containing 66 8 per cent CaQj and melting at 505'C The use of this 
mixture, with its lower melting point, permits lower operating temperatures with 
resulting reduced wear and tear on the cell parts The actual operating temperature 
13 around 600‘’C 

The metal deposited at the cathode is not pure sodium but an alloy containing 
calcium The amount of calcium in the alloy is not known, but calculations based on 
the Ca. hia eojuhbcuim. dLag;cam. and. the’nzind.yu.'UKLVt data, la/imati. a c.'OT/ieu.tiatvJn. of. 
1 4 per cent if the bath has the eutectic composition It may he higher than this but 
cannot exceed about 5 5 per cent, the solubiht} limit at 600“ 

It can be removed by coolmg as its solubility decreases rapidly as the temperature 
is reduced becoming about 4 per cent at 400", 2 per cent at 200“, and a \ ery low \ alue 
at the meltmg pomt of sodium, 97 7"C If the cooling m the riser is considerable, an 
appreciable amount may ciystaUizc out there and, because of its higher density, fall 
back into contact with the electrolj te and react with it to reproduce the equihbnum 
alloy Other methods can also be used R E Hulse has patented* a method in 
which the calcium containing alloy is brcnight mto contact with solid salt, whereupon 
the calcium forms calcium chloride and sodium Fmallj , the method, mentioned 
above, of usmg calcium to remove mercury from sodium can probably be turned 
>tJ S patent 2224820 
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around; i.e., mercury can be used to remove calcium. In any case, the purity of the 
metal marketed leaves little to be desired as it is considerably better than 99.9 per cent. 

The chlorine produced by the cell is pure enough to be liquefied. 

The salt is very carefully puri^ed and heated to a high temperature to remove all 
possible water before being fed to the cell. In spite of this, some water gets in and 
causes minor explosions during operation. 

The current efficiency of the cell is high, probably better than 85 per cent. Man- 
tell‘ gives the voltage as about 7. These correspond to an energy consumption 
of 4.4 kw.-hr. per lb. of metal. 

The sodium is cast into 1-, 2H-, and 12-lb. ingots or “bricks” which are packed 
in removable head drums holding 280 lb. or in cases of 50 and 100 lb. Larger quan- 
tities are shipped in tank cars similar to those used for sulphuric acid and other 
industrial chemicals. The cars, made by the American Car & Foundry Co., and 
possibly by other manufacturers, hold 40 tons each. The molten metal is pumped 
into them, allowed to freeze, and remolted before unloading. This is probably the 
only case in which a metal has been shipped in such a manner. The low melting 
point, low specific gravity, and fairly large-scale production and use make this possible. 

Production and Prices. — According to T. P. Hou,^ there were two plants producing 
sodium in the United States, one at Niagara Falls, N. Y., and the other at Baton 
Rouge, La., with a total capacity of 120 tons a day as of the end of 1940. The world 
production for 1941 was estimated at 300,000 tons.® 

The present published price is 15 cents per lb., f .o.b. Niagara Falls, for untrimmed 
bricks. 

Uses. — The present important uses for sodium are based entirely on its chemical 
properties. Large quantities are made into a lead-sodium alloy for the manufacture 
of tetraethyl lead for high-octane gasoline. The alloy reacts with ethyl chloride in 
accordance with the equation 

NaiPb + 4 C 2 H 5 CI = (C 2 H 6 ) 4 Pb -1- 4NaCl 

'^.^inijmrtant product, from a metallurgical standpoint, is sodium cyanide. When 
thcTnotal is heated in ammonia, it forms sodamide, and this, when treated with char- 
coal, yields sodium cyanide. Tliis high-grade product is used in electroplating and 
in heat-treatment of metals. 

^^Vlien heated in excess air or oxygen, sodium does not form the normal oxide but 
goes over to the peroxide, Na202, a light yellowish-white powder. This substance is 
really a salt of hydrogen peroxide and is therefore a powerful oxidizing agent. It is 
manufactured on a large scale and is widely used as a bleaching agent and for the 
manufacture of other oxidizing agents such as sodium perborate. 

Sodium is also an essential raw material in the manufacture of a number of impor- 
tant organic compounds. 

Of interest to metallurgists is the fact that a small amount of sodium (0.05 per 
cent) added to aluminum-silicon casting alloys shifts the eutectic composition from 
the normal value of 11.7 per cent silicon to 14 per cent. The eutectic temperature is 
also lowered from 577 to 564°C. By this treatment the microstructure of an alloy 
with 13 per cent Si, which would normally contain brittle primary crystals of silicon 
in a ground mass of Al-Si eutectic, is transformed into one with primary crystals of 
aluminum in a ground mass of extremely fine eutectic with a resultant improvement 
in physical properties, notably in tensile strength and elongation. According to 

* “Industrial Electrochemistry.” 

* “Manufacture of Soda,” 2d ed., p. 329. 

* ilftneral 7nd., Vol. 50, p. 011. 
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Ed«ards, Frary, and Jeffnea,* the optimum concentration of sodium m tho alloj is 
0 014 per cent, but an excess must be added to allow for lo'^ses 

Sodium IS an excellent conductor of electricity On a x olume basis its conductivity 
13 about 36 per cent of that of copper, but on a weight basis it is about 3 3 times as 
good Some years ago the Dow Chemical Co bmit an outdoor conductor of sodium- 
filled steel pipe, with a capacity of 4000 amp direct current An article* n as pub- 
bshed describmg the installation, and it was stated that no appreciable increase in 
resistance was noted after 10 months’ service 

Addition of sodium to the mercury used m the amalgamation of gold ores some- 
times improves recover} This w as also recommended at one time for platinum ores 
The sodium increases the ability of the mercury to wet the precious metals This 
same property is the basis of a recommendation that small amounts of sodium be added 
to metals used for hot-dip coatmgs 

The metal has been recommended as a beat-transfer medium because of its low 
melting point, high boiling point, and excellent thermal conductivity It is tom- 
pletely mert m iron and steel in the absence of air and moisture An interesting use 
in this connection is in airplanc-engme valves These arc made hollow and arc 
partially filled w ith Koduun, winch aids m keeping them cool by greatl} increasing the 
heat transfer from the head to the stem and thus to the lubricant 

Another use for the metal is the removal of arsenic and antimony from lead-lm 
alloys However, anyone using this process should remember that the dross formed 
will contam sodium arsenule wbicb reacts readily xnlh moisture, even that m the air, 
to form arsine, an extremely poisonous gas 

A Tory important application, although it accounts for only a small consumption 
of the metal, is the sodium-vapor lamp noti widely used for highway lighting In 
this lamp an electric current is passed through sodium vapor at low pressure, causing 
It to emit the well known D lines of the sodium spectrum These lines account for a 
large fraction of the energy supplied and lie in the region of the spectrum to which 
the human eye is most sensitn e The lamp is therefore x eiy efficient 

POTASSIUM 

This metal is much less important commercially than sodium 
Occurrence — Potassium is the eeventh most abundant element m the earth’s cmH 
according to F W Clarke, w ho states that it accounts for 2 58 per cent of the litho- 
sphere and 0 04 per cent of the hydrosphere These figures show an important differ- 
ence between this metal and sodium m that, although it is almost as abundant in the 
solid crust of the earth as the other, it is much less so in the waters, prmcipally, of 
course, the oceans This tendency of potassium to remam m or return to the sohd 
phase has the important consequence that large deposits of soluble salts of this metal 
Qciyis TOJir.h. Irss. irji'iiifi.'ifJ.'s ♦A.w?. VKiifOK, V/yuvra , TWe ti/iy vift, 

the} are the chief commercial sources of the metal and its compounds 

The principal deposits of potassium salts are at Stassfurt, Germany, m Alsace, 
France, and in the area around Carlsbad, New Mexico Other sources that haxc 
produceil commercial quantities are the nitrate beds m Chile which contain appreciable 
quantities and from which a nitrate high in potassium has been produced, underground 
bnnes at Salduro, Utah, Searlcs Lake m California, and the Dead Sea in Palestine, 
tho waters of which arc high m potassium salts and constitute the richest source in 
the Untwh fmpire During the First World W&r considerable quantities were 
recoiered from cement plants. The potassium in the rock was xolatibzed m the 
kilns and recovered in Cottrell precipitators 

‘ “The Aluminum Industry Vol II pp 72-75 209-215 
tTrant Elntrothrm. Soe , ^ ol 62 p ISI 1032 
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The discovery of the Carlsbad deposits during the 1920’s was of extreme importance 
to the United States. It provided this country with its own supply of this important 
fertilizer and avoided the situation that occurred during the First World War when 
our supply from Germany was cut off. 

In the Stassfurt deposits, the potassium occurs as a number of complex salts from 
which it is recovered by leaching and fractional crystallization. The working out of 
this process represents one of the first and one of the greatest triumphs of modern 
physical chemistry and the application of the phase rule. 

The Carlsbad deposits consist mainly of a mixture of sylvite, KCl, and halite, 
NaCl, although one mine contains a commercial deposit of langbeinite, K 2 S 04 . 2 MgS 04 . 
The two chlorides are separated by flotation in saturated brine. There are two 
processes in use; in one the halite is floated away from the sylvite, while in the other 
it is the sylvite that floats. 

Metallurgy. 1. Thermal . — Potassium can be prepared by any of the methods 
used for sodium. Reduction by carbon, however, is complicated by the fact that, 
unUke sodium, metallic potassium tends to combine with carbon monoxide to form a 
highly explosive compound of the formula K 2 C 2 O 2 . The metal vapor must be con- 
densed and the liquid metal cooled rapidly to a low temperature to avoid its formation. 
Rubidium and cesium act similarly to potassium. 

The dolomite supply of one of the magnesium plants using the Pidgeon process 
during the Second World War contained potassium as well as sodium. Both were 
reduced by the ferrosilicon with the result that a liquid Na-K alloy was condensed 
which could be tapped from the retorts by opening a valve. Consideration was given 
to recovering the potassium from this alloy by fractional distillation but, so far as is 
known, no actual production came from this source. 

The principal producer of sodium for general industrial use in the United States is 
making a commercial grade of potassium by treating one of its salts, presumably the 
chloride, with sodium. It would be difficult and expensive to prepare metal sub- 
stantially free from sodium by this process, but the crude product should be entirely 
suitable for most commercial purposes. 

2. Electrolytic . — As in the case of sodium, potassium has not yet been deposited 
directly from aqueous solutions, but, also similarly to sodium, it can be electrolyzed 
into a mercury cathode. This could be the basis of a process for the recovery of this 
metal just as for the other but, judging from the patent literature, the interest has 
been much less than in the commercially more important sodium. 

The metal can be produced by electrolysis of its fused hydroxide. The Castner 
sodium cell, however, is not suitable for tliis purpose as it does not provide sufficient 
protection of the metal from the air since potassium is much more reactive with 
oxygen than sodium. On the other hand, as von Hevesy^ showed, if suitable pre- 
cautions are taken, higher current efficiencies can be secured with this metal than 
with the other, as its solubility in its hydroxide is less and its rate of diffusion lower. 
He used a cathode surrounded by a magnesia crucible to protect the metal from the 
am. 0. P. Watts'* describes a laboratory experiment for making potassium which is 
based on von Hevesy’s work. He recommends thrusting an iron wire cathode 
through the bottom of a magnesium oxide crucible and inverting this in the fused KOH. 
A piece of sheet iron is used as an anode. There are explosions when the current is 
first turned on owing to reaction of the potassium with the air in the erucible. The 
author states that a current efficiency of about 58 per cent has been obtained with 
this arrangement. 

'Z. Elektrochm., Vol. 15, p. 539, 1909. 

* ** A Laboratory Course in Elcctroobcmistry,” 
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The production of potassium by electrolysia of its fused chloride presents a number 
of difficulties, one of iv hich is the fact that its boiling point is about the same as the 
melting point of the chloride (774*C) Because of the stronglj electropositn e 
nature of the metal, there are relativclj few salts that could be added to the bath to 
reduce its melting point ^iithout fear of contamination Potassium fluoride, which 
forms a eutectic with the chloride having a melting point of C05®C , appears to be the 
most promising with barium chloride (meltmg point of eutectic C60°) a possibihtv 
and potassium bromide suitable for laboratory work A Matthiessen churned, m 
1855, that he obtained potassium free from calcium by electrolyzmg an "equunolec- 
ular" mixture of potassium and calcium chlorides but there is some reason to doubt 
this Although his mixture probablj contained 665^ molecular per cent KCl (calcium 
was considered to have a valence of one at that tune), Moldenhauer and Anderson* 
recovered a product that was chiefly calcium from a bath contammg 69 molecular 
per cent KCl, although there was evidence that some potassium was formed 
Lumeman produced the metal bj the electrolysis of fused potassium cyanide 
Production, Prices, and ITse — ^There is no mformation available regardmg produc 
tion and prices Tlic metal has no la^e scale application Its high equiv alent w eight 
and high price compsrcrl with sodium discourage its use even where its greater reactiv- 
ity would cause it to be prefeired Increased avai!abilit> may, however, change 
this situation 

One important use, which however, accounla for only a minor consumption, is 
that in photoelectric cells The photosensitivity of potassium extends mto the visible 
region of the spectrum and is superior to that of sodium in this respect and, although 
inferior to cesium and rubidium, the metal is much more plentiful 

Sodium and potassium form alloys that arc liquid at ordinary temperatures 
That with the lowest melting point, — 12 5*C, has the composition 22 7 per cent 
sodium and 77 3 per cent potassium These alloys have been suggested for use in 
high temperature thermometers 


LITHIUM 

Lithium IS the lightest of all the metals Although it w definitely a memher of the 
alkali group, it resembles the alkaline earths in fiomc of its properties, such as the low 
solubilities of Its carbonate, fluornlc, and phosphate and its formation of a stable 
carbide and silicide 

Occurrence —Although generally considered a rare element, Lthium is really as 
abundant m the earth e crust os zinc and mote so than such common metals as lead 
tin, cadmium, and antimony However, it is widely distributed, and there are 
comparatively few w orkabic deposits 

Spedatnette, LiAl(SsOt}zi and the fithia micas, fepidoife and zmnwafdite, are 
economically the most important lithium minerals Spodumene, which contains 
nliout 3 to 8 per cent LijO, is (he chief source in the United States It is mined m 
South Dakota and m North Carolina near Kings Mountain In both localities, it 
occurs associated with other minerals and is recovered bj flotation According to 
Bowles * mill capacity for spodumene concentrate w as 2000 tons a month at the end 
of IW3 Another important source is Scarlcs Lake brine from which lithium sodium 
phosphate is recovered About 300 tons of this material was shipped m 1938 Some 
Icpidohte IS also produced in the United States, but most of this goes directly into 
glass and ceramic manufacture, very little being used for the production of lithium 
salts 

>2 1<) p 4U 1913. 

tiltntne toL 23 p SS 1944 
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Lithium is extracted from silicate minerals by heating a mixture of the finely 
powdered material with an excess of potassium sulphate to a moderate red heat, care 
being taken to keep the temperature below the melting point of any of the constituents 
of the mixture.^ An exchange reaction takes place, the potassium replacing the 
lithium which is converted to a soluble sulphate. The cooled mass is leached with 
water and the lithium precipitated from the solution as the carbonate, from which 
other salts can be made. 

F. Fraas and 0. C. Ralston, at the U. S. Bureau of Mines, recently worked out a 
process- in which spodumene is mixed with calcium chloride and lime and heated in 
a rotary kiln. The lithium is volatilized as chloride and is collected in scrubbers and 
Cottrell precipitators. No information is available as to whether this process has 
yet been applied commercially. 

Metallurgy. 1. Thermal . — Unlike the other alkali metals, lithium oxide or 
carbonate cannot be reduced to metal by carbon sihce a stable carbide is formed. 
Mellor’ states that metallic calcium will reduce the chloride but that the resulting 
alloy contains 3 to 4 per cent calcium which is difficult to separate. He also states 
that the hydroxide cannot be reduced by magnesium because the reaction proceeds 
with explosive violence. This is to be doubted. Hackspill and Pinck'* found that 
magnesium, aluminum, and iron reduce lithium oxide in high vacuum. The reaction 
with magnesium takes place at 450°, with aluminum at 1150°, while that with iron 
is incomplete at 1300°. 

Thermal processes have so far not been important in the metallurgy of lithium. 
Unlike sodium and potassium, commercial production developed after the introduc- 
tion of the electric generator. 

2. Electrolytic . — ^Like sodium and potassium, lithium has not been deposited 
directly from aqueous solutions. However, as in the case of the other two, amalgams 
can be prepared. 

At the present time, the metal is produced commercially by the electrolysis of its 
fused chloride. According to Osborg (op. cit.), the pure chloride is unsuitable even 
though it has a comparatively low melting point, 610°. The voltage soon rises and 
electrolysis ceases. However, the addition of KCl overcomes these difficulties, and 
this bath operates continuously in large units and at high yields. Current efficiency 
is high, over 90 per cent, and the lithium recovery, based on LiCl fed, is over 95 per cent. 

To ensure pure metal, the chloride must be pure, the cells constructed of materials 
that are not attacked by the highly corrosive bath, and the metal itself protected from 
the nitrogen of the air with which it readily combines. As a result of controlling 
these factors, the purity of the metal has reached 99.5 per cent with a nitrogen content 
of 0.03 per cent. The lithium chloride should be free from water before it is added 
to the cell. Izgaruishev and Pletnev' as a result of work with a 225-amp, cell recom- 
mend a 1:1 mixture of LiCl and KCl as electrolyte with iron cathodes and graphite 
anodes. Thej- give the cell voltage as 17, current efficiency as 85 per cent, and the 
dirccUcurrent power consumption as 34 kw-.-hr. per lb. (75 kw.-hr. per kg.). The 
voltage appears to be much too high. 

An interesting method of preparing lithium is due to L. Kahlenberg.® He elec- 
trolyzed a concentrated solution of LiCl in pyridine. Using a carbon anode and a 
bright iron cathode, and a current density of 0.2 to 0.3 amp. per sq. cm. (1.9 to 2.8 
amp. per sq. ft.), ho secured a dense, silver white, adherent deposit of metallic lithium. 

' OsnoRO, monoBraph "Lithium,” Electrochemical Socictj, 1935. 

* Bur. Mines Kept. InvesHaulions 3344. 

’ “Comprehensive Treatise on Inorganio and rhj-sical Chemistry,” Vol. 2, p. 450. 

' Bull. soc. chim. France, Vol. 49, pp. 51-70, 1931. 

» Inelnuie Metal, p. 530, 1932. 

« Jour, Ph\is. Chem., Vol. 3. p. GOl, 1899. 
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The potential drop across the eellwss 14\olts Lithium chloride is ver> solubleina 
number of organic soh enta 

Production, Prices, and Uses — ^No published information as to production has 
been found smee 1929, when it was stated^ that the United States production was 
100 lb per da> It has probably increased since that tune According to recent 
quotations, the price for 98 to 99 per cent metal is $15 per lb m 100-lb lots 

Osborg (op ctl ) lists a large number of possible uses for lithium Among these 
are the preparation of oxjgen free copper of high electrical conductivity and the 
degassing and purification of copper and copper base alloy casting Master allojs 
are commerciallj available for greater convenience m adding the bthium Other 
suggested uses are the treatment of iron and stainless steel and as an alloying constit- 
uent with aluminum, lead, magnesium, and sme Some years ago, a lead base bear- 
ing alloj was developed m Germany and found extensive use Called “B-Melal ’ it 
contained approximately 0 04 per cent Li, 0 66 Na 0 73 Ca, 0 03 K, leas than 0 2 per 
cent Al, balance lead An alumjnum-ba<e alloy, Scleron, which contained bthium, 
was also placed on the market to Germany for structural uses Its composition was 
83 Al, 12 Zn, 2 Cu 0 5 to 1 Mn, 0 5 Fe, 0 5 Si, 0 1 Li 

An interesting compound of hlhium, prepared by heatmg the metal m hydrogen, 
13 the hydride, ZaH, to which reference was made in the introduction to this section 
It IS a solid with a melting point of 680* and reacts with water to liberate hydrogen 
It has been proposed as a means of transpoKing this gas, as 1 lb , reactmg with water, 
yields about 45 cu ft , at ordinary temperature and pressure It also reacts readily 
with other substances 

The metal also has possible appkcations in organic chemistry 
A recently announced metallurgical use for hthium compounds is their addition 
to the atmospheres of steel heat-treating furnace It is clauned that their presence 
prevents sealing and decarbunzation of the steel during treatment 

CESIUM 

Cesium H the most electropositive and the most reactive at ordmaiy temper 
ntiires of all the metals 

Occurrence — Cesium ls the rarest of all the elements considered in this chapter 
It IS present m the earth’s crust to the extent of about 0 OOOOOS per cent, approxi- 
mately the same ns cadmium, mercury, and iodine It is widely distributed and 
occurs in some mineral springs and m minute amounts in sea water 

The principal mineral source is pollucite. HiCs«Al«(SiOi)», the only ce«ium mineral 
known It occurs on the island of Elba, where it was first discovert 

For a time the only commercial deposit in the United States was in Marne, but in 
193S, an important strike at the Tin Alountam mme m South Dakota was announced * 
liy the end oT that year, over 100,000 Ib of ore containing 1 to 30 per cent CsjO had 
been produced 

Cesium can be extracted from the finely ground mineral by digestion wnth strong 
hydrochloric acid The resultant solution is treated with a solution of antiraonj tri- 
chloride to precipitate the cerium ns a complex chloride 

Lepidolitc frequently contains significant amounts of cesium which can be recov- 
ered as a by-product when the mioenil la treated for lithium 

Metallurgy. 1 Thtrinal —Cesium metal can be produced by reduction of the 
carbonate with carbon, but bke potassium, it forms an explosive compound with car- 
bon monoxide It can also be prepared bj rcxiuction of the chloride with calcium or 
calcium carbide or of the hj droxide with alummum or magnesium In all these pro- 
ijfiiioc V<( Vol 11 p 47 IB30 
< J/Kitnn , Vol 20 p 9 1939 
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cesses the metal is liberated as vapor and condensed. Reduction of the chloride by 
calcium, which has been described by Hackspill,i appears to be the simplest process 
as no gas is evolved and the entire operation can be conducted in a vacuum. Pol- 
yakov and Fedorov^ tried calcium carbide instead of the metal and obtained 75 per cent 
recovery of the cesium as metal. However, the reduction of the hydroxide by mag- 
nesium, investigated and fully described by Erdmann and Menke® and by Richards 
and Brink,^ appears to be equally efficient provided certain precautions are observed. 
The reaction is carried out at a red heat in an iron tube through which a current of dry 
hydrogen is passed, and care must be taken to avoid too rapid heating and to maintain 
a flow of hydrogen. > 

Hackspill and Pinck^ found that the sulphate, arsenate, thiocyanate, and other 
salts could be reduced by iron in a vacuum. The sulphate and arsenate were reduced 
at their melting points, the tliiocyanate at 650°, while the borate and phosphate 
required temperatures of 1300 to 1400°C. 

2. Electrolytic . — As in the case of potassium, cesium amalgam can be prepared from 
aqueous salt solutions, but the metal itself has not been deposited. It has been pre- 
pared by electrolysis of a fused mixture of cesium and barium cyanides. 

Production, Prices, and Uses. — There is no available information as to production 
and prices. However, the total United States production of the metal and its salts 
probably does not exceed 500 lb. per year. Small though this is, it is very important 
because of the uses of the metal in electronics. Cesium is the only metal that gives 
off electrons when it is exposed to visible light of all colors. It is therefore widely used 
in photoelectric cells. Furthermore, by depositing exceedingly thin layers of cesium 
and oxygen on silver, a surface is obtained that is not only much more sensitive than 
one of pure cesium, but its sensitivity extends far into the infrared region of the 
spectrum. Because of these properties, this surface is used in the modern television 
camera and in “black light” signaling devices. 

Another valuable property of the cesium-oxygen-silver surface is its efficiency as a 
secondary electron emitter. When struck by an electron, it gives off as many as nine 
secondar.v electrons, and it is therefore used in an extraordinary amplifying device 
called the “electron multiplier.” Amplifications of as high as 6 million have been 
obtained in 10 stages with this instrument. 

RUBIDIUM 

Rubidium is the least important, economically, of the alkah metals. 

Occurrence. — Rubidium is about ten times as abundant as cesium, but up to the 
present, no mineral of which it is a major constituent has been found. It has been 
found in sea water, mineral springs, carnallite from the Stassfurt deposits, and in 
lepidolite. The last is the principal source, but reasonable quantities could be recov- 
ered from the Stassfurt mother liquors if a demand were to develop. 

Metallurgy. — The methods described for the preparation of metallic cesium apply 
equally to rubidium with only one possible exception, the electrolysis of the fused 
cyanide. However, rubidium has been prepared by the electrolysis of its fused 
hydroxide. 

Production, Prices, and Uses. — There is no published information about produc- 
tion or prices. The metal has no use of any importance. It suffers from the fact 
that most of its properties are intermediate between those of potassium and cesium. 

^ GompI, rend,, Vol. 141, p. lOG, 1905. 

*Jour. Applied Chem. (U.S.S.R.), Vol. 13, p. 1833, 1940. 

> Jour. ^m. Chem. Soc., Vol. 21, p. 259, 1899. 

< Ibid., Vol. 29, p, 125, 1907. 

• Bull. toe. ehim., Vol. 49, p. 54, 1931. 
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THE ALKALINE-EARTH METALS 

The alkalme-eartb metals, in the order of their economic importance, are calcium, 
barium, and strontium Eadmm also belongs to this group, but it will not be dis- 
cussed m this chapter as it is important for its radioactive properties and is used only 
in the form of its salts (See Chap XXIII ) 

These metals are silverj while, malleaWe, and comparatively soft, although cal- 
cium, probably the hardest, is considerably harder than lead Although second only 
to the alkali m.etakmclectropositivecharacter,theydiffermarkedly from them They 
have much better physical properties, higher melting and boiling points, and are 
generally less reactive at ordmary temperatures Calcium, for mstancc, is moder- 
ately stable in the air, decomposes water only slowly, and is not attacked by alcohol 
However, reactivity increases with atomic weight, and barium is about as active as 
lithium 

Strangely enough these metals are not so easy to produce as those of the alkali 
group There are a number of reasons for this, among which ate their high melting 
and boding points, their great reactivities at h^h temperatures, and the fact that they 
form stable carbides, mtndes, and sibcides It is even more difficult to punfy them 
as, in the liquid state, they dissolve not only other metals but also their own nitrides 
and silicidea Indeed it is only in recent years that even calcium has been prepared 
reasonably free from nitrogen As a result only the latest determinations of physical 
properties are likely to be reliable The situation is even worse in the cases of stron- 
tium and barium 

The salts o! these metals, like those of the alkabes, are generally colorless except 
where the ftcid radical is colored On the other hand, many more of them are insoluble 
or only sparingly soluble Among the most important compounds m this class are 
the hydroMdes, carbonates, fluorides, sulphates, and silicates Because of the less 


Table 2 — Physical Properties op Alkalinb-eartu Metals 



1 1 

Sr 

Ba 

Atomic weight 

1 40 OS 

87 63 

137 3C 

Specific gravity 20‘’C 

1 54 

2 6 

3 5 

Coefficient of expansion per *C at room 




temperature, X 10-* 

25 



Melting point, *C 

851 

1 771 

704 

Boilmg point, ®C 

1487 

1384 

1638 

Heat of fusion, cal per g 

55 7 

25 0 

10 2 

Heat of vaporization, cal per g 

911 

383 

260 

Specific heat, room temp , cal peg 

0 157 


0 6S 

Electrical resistivity,* 0°C 

3 43 

22 76 (20”) 


Ultimate tensile strength, lb per sq m * 

6300 



Proportional limit, lb per sq m 

1500 



Elongation, per cent 

63 



Reduction in area, per cent 

62 



Hardness, Brmcll 

13 




2,900,000-, 



Modulus of elasticity, Jb persq in j 

3,700,000 




I MicrohmB per centimeter-cul>« 

« Mechanieal properties »re from Nat Bur SUniarda Ctn C 417 and were determined on distilled 
metal contaiDing 99 3 per cent Ca 0 14 per cent S 0 02percetit fe 
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electropositive character of these metals, their salts with weah acids are more readily 
decomposed and those with strong acids show some tendency to hydrolyze in the 
presence of water. The hydroxide and carbonate of calcium, for instance, are readily 
converted to the oxide by heating, and it is difficult to prepare anhydrous calcium 
chloride because of hydrolysis. However, the metals become more electropositive 
with increasing atomic weight, and barium salts are much more stable. To convert 
barium carbonate to the oxide, it must be heated with coke to reduce the carbon 
dioxide, and barium chloride can be readily dehydrated. 

These metals form saltlike hydrides and dissolve in liquid ammonia like the alkali 
metals. Their salts impart characteristic colors to the Bunsen flame. 

Physical Properties.^ — All these metals crj^stallize in the cubic system at ordinary 
temperatures, calcium and strontium with face-centered lattices and barium with a 
body-centered lattice. Calcium and barium show polymorphism. The transition 
point for calcium is at 450°C., with a possible second one at 300°, while that for 
barium is at 375°. The high-temperature form of calcium is hexagonal, close packed. 
So far, no evidence of a transition has been found for strontium . The physical proper- 
ties of the metals are summarized in Table 2. 

CALCIUM 

This metal is the most important of its group. 

Occurrence. — Calcium is the fifth most abundant element, constituting, according 
to F. W. Clarke, 3.64 per cent of the earth’s crust. The most important source of the 
metal and its compounds is, of course, calcium carbonate in its various forms, lime- 
stone, marblc,,oy.stet,shells.' Large deposits of these materials are found in all parts 
of the globe. Other calcium minerals occur in economic quantities, but except for 
calcium fluoride, the mineral fluorite or fluorspar, which is sometimes added to the 
electrolytic bath, none are important in its metallurgy. 

Calcium carbonate, when heated to a high temperature, gives off carbon dioxide 
and is converted to calmim_oxide,-quicklime,- or simply lime, the most important 
industrial alkaliT Thousands of tons of lime are made daily in rotary kilns and shaft 
furnaces. 

Some 2 to 3 million tons of calcium chloride a j^ear are potentiallj' available in the 
residual liquors from the ammonia-soda or Solvaj' process. Some is recovered for a 
number of uses, but the greater part is run to waste. 

The raw materials for calcium production are therefore abundant. 

Metallurgy. 1. Thermal . — Calcium can be prepared bj^ a number of thermal 
methods. Moissan made it by heating the anhydrous iodide with sodium to produce 
a sodium-calcium alloy. Treatment with alcohol dissolved the sodium, leaving calcium 
of about 99.3 per cent purity. 

According to a number of recent patents,* calcium can be produced by heating 
calcium oxide with silicon or aluminum in an evacuated retort in a manner similar to 
the production of magnesium. As in the other process, the addition of a small 
amount of a fluoride, 0.5 to 5 per cent, is said to promote the reaction. That calcium 
can be produced in this way is not surprising, as Gunz and Matignon used it to produce 
metallic barium over thirty years ago. 

A recent United States patent' claims that the reduction with silicon can be carried 
out in an arc furnace. 

The fact that lime can be reduced with silicon probably means that it can also be 
reduced b> calcium silicide, an electric-furnace product, with resulting increased ydeld, 

'British patent 497772, Deo. 28. 1938, to hlagnesiiim Elektron, Ltd.; French patent 830187 to 
I. G. rarbon. 

* U. 8. patent 2225336. 
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and that the silicide itself will diswciite on heating in vacuo to produce calcium and 
silicon 

As a result of the experience gamed with magnesium, these processes may become 
X ery important as sources of calcium m the not far distant future One advantage of 
calcium over magnesium lies in its higher equivalent weight 20 lb of calcium requue 
only as much reducmg agent as 12 lb of magnesium at the same efficiency 

VCbe metal can also be produced by tedueUonof lime w ith carbon _/Thi3 is far more 
difficult and complicated than m the case of the alkali metals and, so far as is known, 
has not been worked on a commercial or even on a large pilot-plant basis The method 
IS a two-stage one "When Ume and coke are smelted in an electric furnace, the prod 
uct is calcium carbide ' This is produced on a large scale as a source of acetylene and 
other products It has been known for some time that, when heated to a very high 
temperature calcium carbide dissociates into graphite and calcium vapor The vapor 
pressure of the calcium has been measured Recently, Manderh Moser, and Tread 
well^ produced compact calcium by beating the carbide to 1600 to 1800'’C in a 
vacuum 

dianawalt Nelson, and Ward* have patented processes in which calcium carbide 
IS heated with calcium silicide or with metallic iron The calcium distills off, leaving 
a residue of silicon carbide or of carburued iron 




Fio 3 — Submerged cathode cell 

Calcium carbide is now being used to make calcium lead alloys By heating it 
with lead under a chloride flux alloys containmg 3 to 4 per cent calcium are obtained 
2 —Calcium like the alkali metals, has not been deposited from 

aqueous solutions, but, also like them, amalgams esn be produced by using a mercury 
cathode A crude metal, probably a high-calcium amalgam, has been obtained in 
this way on a small scale 

Most of the commercial calcium on the market at the present tune is produced by 
the electrolj sis of its fused chlonde This is not an easy operation It is difficult to 
prepare the anhydrous chlonde free from basic salts and oxide, and apparently, it 
has not yet been found possible to run a caleium cell on hjdrated feed as is done 
with magnesium Another difficulty is the high meltmg point of calcium (851®C ) 
Although this is reduced to the neighborhood of 800®C by impurities, the bath would 
have to be operated at about 900*ifhquid metal were to be tapped off, a temperature 
at which the metal reacts vigorously with air to form oxide and nitride which rapidly 
thicken the bath and render it useless Furthermore at this temperature, the metal 
rapidlj diffuses through the bath becomes chlorinated at the anode as rapidly as it is 
deposited at the cathode, and electrolysis soon stops Attempts to operate below 
the melting pomt of the metal jield only a voluminous sponge which grows rapidly 
to the anode and is so full of electrolyte that it la of little or no value 
> lldetlteia Chtm ,4cla Vol 27 p ICS 1944 
«U S patents 212'’419 2122420 2122446 
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The electrodeposition problem was solved by Rathenau with his contact cathode- 
This is a round steel bar or pipe which is placed vertically in the cell and can be moved 
up or down. It may be water cooled. In operation it is set so that its lower end 
just touches the surface of the bath. The resultant high current density raises the 
temperature in the neighborhood of the cathode above the melting point of calcium, 
causing the metal to be deposited in the molten state. If conditions are correct, the 
calcium wets the steel and will adhere to it when it is raised. This is done slowly, and 
the metal solidifies a short distance above the bath level. Continuation of the 
upward movement causes more metal to be drawn up and to solidify so that a vertical 
rod of calcium is slowly built up. The lower end of the calcium, therefore, quickly 
becomes the real cathode, the steel serving merely as a lead for the current. The 
metal, as it leaves the bath, becomes coated with a thin layer of molten electrolyte 
which soon solidifies and serves as a protective coating. As electrolysis proceeds, the 



lower end of the calcium becomes larger until an equilibrium size is reached, with the 
result that the deposited metal acquires a roughly conical shape. Because of this 
shape, the lump of crude metal is known as a “carrot.” 

The speed with which the cathode is raised is critical. If it is much too great, 
contact is broken immediately. If not quite so vreat, the deposit becomes smaller in 
diameter, the current density and temperature rise, the metal stays molten farther 
above the bath level, convection currents become more violent, and eventually contact 
is broken. If too slow, the temperature drops below the melting point of the metal 
and a spongy deposit is obtained. In the early days of calcium production, regulation 
of the cathode was manual, but recently automatic controls have been developed. 

Wren the cathode has reached the end of its travel upward, electrolysis is stopped, 
the carrot is removed, the steel cathode lowered, and the process repeated. The 
carrots produced from the latest cells range in size from 7 to 14 in. in diameter and 
7 to 25 in. in length.* 

The anode material is graphite. Some experimenters have recommended that 
t he cell lining be made of this material and used as the anode, but Brace- used separate 
anodes which could be moved about to control the voltage drop and therefore the 

> KtKtEU, jrining M<1., Vol. 22, p. 48S, 1041. 

* Trons. Eirc/rorhem. Soc., Vol. 37, -IGo, 1920. 
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temperature of the bath to some extent lodependentlj of that at the cathode The 
largest United States producer adopted this idea in a pilot plant cell, but it is not 
known whether it is being used on a large scale 

Tie efectrofyfe used m commercial £iiropean practice is a mixture of calcium 
chloride and fluoride Some workers have recommended potassium chloride, instead 
of calcium fluoride, while Frary, Bicknell, and Tronson,* and Brace prefer the pure 
chloride on the basis that the melting pomt of tlie bath should not be too far below 
that of the metal According to Mantell and Hardj * the operating temperature of 
the hath is betw pen 780 and 800*0 Thej al«i state that the bath must be skimmed 
at intervals and occasionally discarded owing to accumulation of impurities 

Cells w Uh capacities up to 10 000 amp are now in operation in the United States 
Thej are prohabb more efficient than the bmallcr Luropean cells wluch have an 



Fio 6 — A calcium carrot {Cottrltty of Dr A B JCin»eO 


energy consumption of about 23 kwr .hr per lb of metal produced However, a 
higher energy consumption is inherent in this process owing to the large potential 
drop at the contact cathode 

The present calcium cell has a number of disadvantages in addition to the high 
energj consumption The large production of heat in the cell seriously limits its 
size, as this heat must be radiated Because of the contact cathode the top of the 
cell cannot be closed m and the chlonne must be swept out with a current of air The 
dilution of the chlorine makes it unavailable for liquefaction an important item since 
about 1 75 lb are produced per pound of metal, and m addition presents a serious 
disposal problem Furthermore, the current of air not only carries off considerable 
quantities of electrolyte as spray, but its water vapor and oxygen are probably chiefly 
responsible for the deterioration of the bath 

The carrots produced m the United States* contain only about 85 per cent metal, 
most of the remainder being electrolyte To remove tins they are melted and cast 
into various shapes m an atmosphere of argon The product contains 95 to 97 per 
cent calciurn A higher grade of metal is produced by distillation m a retort at high 
vacuum Sodium m the crude metal caused trouble in this operation by distilling 
over with the calcium and igniting when the retort was opened but this difficulty 
was soon overcome through capenwice 
Tran* Eltcirochem Soe Vol IS p 117 1910 
> Afefal* i Anoua Vol 10 p S5 1939 
• BiQtST, C\m Enj Vol 22 p 921 1944 
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Production and Prices.— Prior to 1939, practically all the calcium used in the 
United States was imported from France. The amount of these imports, taken from 
the “ Minerals Yearbook, ” are shown in Table 3. Production in the United States 
began in the summer of 1939, has grown rapidly, and is now probably more than 

Table 3. — Imports of Calcium 



Weight, 

Year 

Pounds 

1937 

23,767 

1938 

41,299 

1939 

41,718 

1940 

11,900 


500,000 lb. per year. Prices have remained steady for the last few years at $1.25 a 
pound for 97 to 98 per cent metal in ton lots. Available forms are slabs of various 
sizes and cylinders, either with or without a central steel pipe, and turnings. 

Uses. — Calcium has a number of important uses. It is added to magnesium 
alloys to the extent of about 0.25 per cent to refine grain, reduce tendency to take fire, 
and to simplify heat-treatment. Its property of reducing the tendency to take fire 
is so pronounced that specifications placed very low limits on the amount permissible 
in incendiar 3 '-bomb alloy. Its effect on heat-treatment is observed in those alloys 
containing zinc. In its absence, a two-stage treatment is necessary, one at a tempera- 
ture below the melting point of the zinc-bearing constituent to dissolve this, and 
another at a higher temperature to dissolve the aluminum. In its presence, only the 
high-temperature treatment is necessary. 

Calcium is added to lead to harden and strengthen it. Its solid solubility in lead 
is 0.10 per cent at the melting point and decreases rapidly with the temperature 
with the result that precipitation hardening takes place. *^he alloy, which contains 
less than 0.25 per cent calcium, is used for cable sheaths and has been recommended 
for storage-battery grids and other purposesL-- Master alloys containing up to 5 per 
cent calcium, the balance lead, are on the market and are made by electrolysis of fused 
calcium chloride with a molten lead cathode, or from lead and calcium carbide. 

Calcium and magnesium are used in the Betterton process for removing bismuth 
from lead. They form compounds with bismuth, which are insoluble in lead just 
above its melting point and form a dross which is skimmed off. 

■ The metal is an excellent scavenger. It reacts readily with oxygen, nitrogen, 
sulphur, carbon, and many of their compounds. It has therefore been recommended 
as an addition to both ferrous and nonferrous alloys. Its affinity for oxj'gen makes it 
a powerful reducing agent, and Harden and Rich have worked out a process in which 
it is used to reduce the oxides of vanadium, uranium, thorium, and other refractory 
metals. Calcium chloride is added as a flux. The metals produced are malleable 
and ductile and fully equal in properties to those made by the action of sodium on the 
anhj'drous chlorides Avhich arc difficult to prepare and to handle. 

Calcium hydride is being made commerciallj- by the action of hydrogen on the 
metal and is being used for the reduction of refractory oxides, such as those of titanium, 
zirconium, and uranium, to produce commercial grades of these metals and their 
alloj's with the more common metals. 

BARIUM 

Barium is the eighteenth most abundant element, being present in the earth’s 
crust to the extent of about 0.04 per cent. Its principal minerals are the sulphate, 
barite, and the carbonate, witherite. Witherite is preferred as it is readily soluble 
in acids to form other barium salts, but barite is more available. To produce other 
barium salts from barite, it is heated in a rotary Igln with carbon to reduce it to the 



92 


^fONFERROUS METALLURGY 


sulplude w Inch is dissolved in water and treated with carbon dioxide gas or with soda 
ash to precipitate the carbonate Aa already mentioned, barium carbonate is not 
readily converted to oxide To accomplish this it is mixed with carbon and heated, 
with the result that the carbon dioxide is reduced to monoxide and goes off 

Barium chloride is readily prepared by dissolving the carbonate m hydrochloric 
acid It can be readily prepared m the anhydrous state as it is not nearly so soluble 
as calcium chloride and crystalhzes with only two molecules of water which can be 
driven off at a low temperature without hydrolysis 

Metallurgy 1 Thermal — Bamim can be produced by reduction of the oxide with 
aluminum m an evacuated retort Guntz^ used this method in 1906 A reference 
to a Russian article* gives some details of the process A vertical retort is equipped 
with a water-cooled condenser and heated by an electric furnace The apparatus is 
23 cm m diameter at the bottom and 50 cm high The temperature of distillation is 
1050“C and the yield per batch, 304 g of metal containmg 99 41 per cent banum 
and a total of 0 071 per cent copper manganroe and aluminum The condensed 
barium is removed m a carbon dioxide stream and sealed m iron cylmders The 
same apparatus can be used for production of barium, magnesium, strontium, and 
calcium and their alloys 

The barium is usually recovered as a solid m this process, but a recent patent * 
specifies keepmg the condenser at a temperature between 730 and 800°C , whereby 
the metal is condensed to liquid and, still under vacuum, allowed to run to a receiver 
where it solidifies Another French patent* specifies a ratio of banum oxide to 
aluminum of 4 2 and states that up to 2 per cent banum fiuoride may be added to 
promote the reaction The patents to which reference was made m discussing the 
reduction of calcium by aluminum also cover banum 

Danner* describes a variation of this process in which an oxide containing about 
10 per cent barium peroxide is used The reduction reaction is carried out m a 
separate vessel, the heat required being supphed by the reaction of the peroxide with 
part of the aluminum The banum is recovered from the resulting sintered mass b> 
distillation tn vacuo 

Matignon* found that banum oxide could also be reduced by sihcon He used 
a mixture contaming three parts of the oxide to one of silicon, formed the mixture into 
briquettes, and heated at 1200°C m an evacuated steel tube The metal obtained 
was 98 5 per cent pure, and the residue m the retort contamed banum silicate In 
another expenment he used 90 per cent ferroaiiicon with equally good results 

All the patents referred to above also cover the use of sihcon as a rgduemg agent 
The ratio of barium oxide to sihcon la given as 4 1 * 

2 Electrolylic As in the case of calcium, barium has not yet been deposited from 
aqueous solutions However, an amalgam can be made, and Guntz* first prepared 
a comparatively pure barium metal in this way He heated the amalgam to dnve off 
most of the mercury, heated the residue in hydrogen to convert the barium to the 
hydnde and drive off the rest of the mercuiy, and finally decomposed the hydnde 
m vacuo at a high temperature, the barium metal condensing on a water cooled surface 
Neumann and Bergve* state that they produced metalhc banum from fused 
barium chloride, usmg a contact cathode Kimil-tf to that used for calcium, but give 
iCompt reni Vol 143 p 339 1906 

Abitracit Vol 34 p 7181 1940 

• French patent 831083 to I C Fatben 
< French patent 831598 to I O Fsrben 

• Jour Am Chem. Soe Vol 46 p 2382 1924 

• Cempl tend tol 156 p 1378 1913 
tCempt rend Vol 141 p 1240 1905 
•Z Eleilroehtm Vol 20 p 187 1914 
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no details on the procedure. It is probable that all the barium on the market is 
being produced by aluminum or silicon reduction. 

Production and Prices. — No information is available as to the production of 
barium or current prices. 

Uses. — Barium, either alone or as an alloy with magnesium or aluminum, is 
widely used as a “getter” to remove residual gases from electron tubes. It is stated 
to be ten times as efficient as magnesium for this work. A barium-nickel alloy is 
being used for the terminals of spark plugs.* The alloy contains up to 0.2 per cent 
barium and reduces the potential required to produce a spark across the gap. An 
alloy containing about 1 per cent barium has been found to be an efficient emitter of 
electrons when heated and for this reason has been suggested for use in vacuum tubes. 
Nickel alloys containing up to per cent barium are ductile and may be easily 
rolled or drawn into fine wire or ribbon. A recent use for barium is as a lubricant 
for rotating anodes in X-ray tubes. Ordinary lubricants cannot be used as the tem- 
perature is high, about 600°C., and their vapors cannot be tolerated in the tube. 
Barium has a low vapor pressure at that temperature and shows excellent lubricating 
qualities. 

STRONTIUM 

Strontium is about 40 per cent as abundant as barium, and like that metal, its 
chief minerals are the carbonate, strontianite, and the sulphate, celestite. Again the 
sulphate is more abundant and serves as the major source of strontium salts. 

Before 1940, practically all the celestite used in the United States was imported 
from England as the domestic deposits w'ere either remote from transportation or of 
low grade. However, since that time domestic sources have been developed and are 
supplying the increased demand due to the war. 

Strontium salts are manufactured from the minerals by the same methods used for 
barium salts. Strontium carbonate is more readily converted to the oxide than 
barium carbonate, and the operation is conducted in the same manner as with 
limestone. 

Metallurgy. 1. Thervial . — The methods used for barium can be used equally well 
for strontium. Guntz and Galliot^ reduced the oxide by mixing the finely ground 
material with powdered aluminum and heating in an evacuated iron tube for 4 hr. at 
1000°C. Metal of 99.4 per cent purity was recovered as a crust, with a yield of 75 per 
cent. The method in which strontium peroxide is added to the charge and the reac- 
tion and distillation arc carried out in separate containers has been used commercially. 

2. Electrolylic . — Strontium amalgam can be made from aqueous solutions, but it 
has not yet been found possible to deposit the pure metal. 

Neumann and Bergve* prepared strontium by the electrolysis of a fused mixture 
containing 84 per cent strontium chloride and 16 per cent potassium chloride. They 
used the contact electrode and secured a current efficiency of 80 per cent. 

Production and Prices. — There is no available current information on these sub- 
jects. Some fourteen years ago, a figure of SlOO a pound was published. Four years 
later it was stated that the price was still over 830. 

Uses. — Strontium occupies the same position among the alkaline-earth metals as 
rubidium does among the alkalies, i.e., it is intermediate in its properties between 
barium and calcium. About fifteen years ago, metallic strontium was in compara- 
tively largo demand as a “getter” for radio tubes, but it has since been supplanted by 
barium and its importance as well as its production has fallen off. 

‘ Trana. Eleetrochem. Soc., Yol. 60, p. 85, 1034. 

-’Compt. rend., Vol. 151, p. 813, 1910. 

’ Z. Eleetrochem., Yol. 20, p. 187, 1014. 
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ARSENIC 

By Walter C Smith* 

Afsenic v.a9 not recognized aa a metallic element until it was isolated liy Scliroeder 
in 1694, several of its compounds however were known from antiquity and wen 
tailed arsenic Ihe name arsenic is used even today when the arsemous oxide h 
meant Metallic arsenic is not usetl in the arts to a great extent, w liile the arsemous 
oxide (white arsenic of commerce) has many uses 

Physical Properties — The metal has a steel gray color and show s a brilliant luster 
on fresh fracture it is known in both the crystalline and amorphous states The 
crystallme form is very brittle Other physical properties are atomic w ciglit, 74 90 
number bj Moseley’s arrangement, 33 specific gravity, (crjstalhne) 5 727, (amor 
phous) 471 fracture, coarsely crystaUine crystallization, hexagonal, melting pomt, 
red heat under pressure in the absence of oxygen boiling point, volatile at 450*C 
without meUmg, specific heal, (crystalline) Sm.OOSS, (amorphous) Sm, 00758, latent 
heat of sublimation, 60 cal per g 

Chemical Properties — Arsenic is not changed m dry air, but in moist air it loses 
its color and bnllianc} and slowly changes into arsemous oxide It burns with a 
bluiah white fiame when heated m air and gives o^ heavy white fumes of arscniouk 
oxide, which have a characteristic odor resembling garlic 

Nitric acid oxidizes arsenic to arsemous oxide and then to arsenic oxide Aqu i 
regia yields a muture of arsemous and arsenic compounds Arsenic is solublo in hot 
concentrated sulphuric acid, but dilute acid does not nttack it Hydrochloric aeid 
attacks it m the presence of air, fecblj, to form arsemous chloride It combines 
directly with chlorine to form arsemous chloride It also combines directly with 
sulphur, when heated to form arsenic sulphide Metallic aTBcnic yields potassium 
arsenate when heated with niter or potassium chlorate 

In solution silver will replace arsenic and wee versa depending upon conditions, 
but Fc, hi, Co, Cr, and Mo will not replace arsenic to a notable extent under any 
conditions The single potential of arsenic (vs calomel electrode "= 0 577 volt) was 
found to be 0 5S in an AsCli solution of X g eqmvalent of arsenic per liter and 0 54 
volt in a corresponding solution of Asl* 

Uses — As already indicated only limited quantities of metallic arsenic are used 
A small amount of arsenic is added to lead m making lead shot, as it tends to prevent 
the formation of imperfect shot when the molten metal is dropped m the shot lower 
A very small percentage of arsenic added to steel produces a metal that will take an 
extremely high polish Arsenical copper is cdaimed to possess superior properties 
to pure copper for certain roUmg and drawing operations 

The chief arsenic compound of commerce is the arsemous oxide (AsjOj), trioxide 
or white arsenic This is used in the manufacture of glass m the textile and paint 
industries, and m the manufacture of weed killers insecticides and medicines 

A small amount of arsenic is added to the low tin wipirig solders to improve their 
workmg properties Arsenic is added to lead, antimony, and silver allojs for use as 
1 MetaUcrgist Cerro de Pakco Copper Coip New York. 
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insoluble anodes in the electrolytic recovery of copper from acid sulphate solutions 
to increase the anode life. 

Arsenical preparations furnish the most effective means of control against the 
cotton boll weevil, the cotton worm, the codling and the gypsy moth, and they are 
used for soil treatment to destroy Japanese beetle grubs. It is estimated that insecti- 
cides take 68 per cent of the arsenic used in the United States; weed killers, 19; glass 
manufacture 3; wood preservatives, 2; miscellaneous, including arsenical dnigs, 1; 
exports, 7 per cent. Approximately 60,000,000 lb. of lead arsenate, 40,000,000 lb. of 
calcium arsenate, 2,000,000 lb. of paris green, besides important quantities of London 
purple and sodium arsenite, make up the first item. 

Sources of Arsenic. — Arsenic, while not abundant, is one of the most widely dis- 
seminated of all the metallic elements. It has been found in a number of places in 
the native state, usually associated with other metals. It occurs as mispickel, or 
arsenopyrite, in many cobalt and cobalt-silver ores. Nearly all pyrite and sulphide 
ores of copper and lead contain more or less arsenic, and it is from these latter ores 
that the bulk of the American supply of arsenic is derived as a metallurgical by-prod- 
uct. The most important American producers of arsenic are listed as follows: 


Company 

Iiocation 

Source of Arsenic 


Denver, Colo. 
Tacoma, Wash. 

By-product lead smelting 
By-product copper smelting 
By-product copper smelting 
By-product lead smelting 
Arsenic sulphides 

Am. Smelting & Ref. Co 

Anaconda Copper Mining Co 

U. S. Smelting Co 

Anaconda, Mont. 
Midvale, Utah 

Rare Metal Products Co 

Belleville, N. J. 



Metallic arsenic is produced by the sublimation of mispickel or leucopyrite in the 
absence of air, and by the reduction of arsenic trioxide with charcoal in cast-iron 
or steel retorts. The temperature and the pressure in the condensers have to be care- 
fully controlled in order to yield the crystalline arsenic. 

Previous to 1914 little or no metallic arsenic was made in the United States; 
about 50,000 lb. were imported annually, principally from Germany. After the First 
World War cut off the German supply, the Hoskins Process Development Co. of 
Chicago, 111., began the manufacture of metallic arsenic to supply the American market. 
The arsenic of 99.5 per cent grade is made by the reduction of commercial arsenic 
trioxidc with charcoal in a battery of four gas-fired furnaces as shoum. Three of the 
furnaces take a charge of about 200 lb. each, and the fourth furnace holds 450 lb. of 
charge.* 

The charge is mixed in a rotarj^ mixer in the proportions of 1 lb. of charcoal to 
4 lb. of arsenic trioxide. The c.apacity of the plant is 250 to 300 lb. per day, or not less 
than 4000 lb. of metallic arsenic per month. 

The furnaces are built of steel pipe, surrounded by firebrick, enclosed in a steel 
jacket and supported on a pipe frame. The charging end of the retorts is sealed with 
a clay gasket in which is embedded a J^-in. copper water pipe. The cooled surface 
condenses arsenic vapor and seals any leaks in the clay gasket. At the back of and 
attached to the retort is a water-cooled condenser, which is vented by means of a 
water seal so as to allow the escape of the uncondensed gases. Figure 2 shows the 
left side of one of the furnaces. Two condensers are shown in the background of 
Fig. 1. 

* JoN'E9, Chem, it Met, Ertg.^ Nov. 17, 1920. 









96 


NONFERROUS METALLURGY 


The period of operation for the large furnace is about 10 hr , and for the smaller 
furnaces 7 hr The gas is then abut off and the retort and the condenser are allow ed 
to cool before the condenser is opened for the removal of the metallic arsenic Figure 3 
shows the discharge end of one of the furnaces The metallic arsenic is removed from 
the condenser with a bar and hammer and is then reidj for packing and shipment 
The advent of the Second Uorld ^ar again stopped importation of metallic 
arsenic from Germany During December 1939 the Anaconda Copper Minmg Co 
began production of inetalhc arsemc from arsenic tnoxidc The plant erected for 
the purpose consists of slv cast iron retorts each fitted with a condenser consisting 
of a condenser tee flanged to the retort and flanged to a vertical water cooled steel 
plvtc condenser chamber Each retort » honzontaU> supported and is enclosed w ith 
firebrick Tlie condensers are heated by direct gas firing The end of the retort 
and of the condenser tee are closed with flanged covers bolted to the retort and con- 



denser tee with fire-clay gaskets in which is embedded a small diameter copper 
pipe for w ater coolmg 
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dust earned b} the gases and other volatile matenals can contaminate the arsenic 
tnoxide, and these are removed m the refinmg operations 

The roasting operations may be earned out m muffle, re% erberatory, or one of the 
^anou 3 types of roasting furnaces, coke, gas, or od is u«ed for fuel m reverberatory 
or roasting furnaces in order to reduce the danger of contammation of the product 
with soot The crude arsenic trioxide is collected m cooling flues/ baghouses, or by 
CottreD precipitators 

Crude White Arsenic from Metallurgical Products. — The arsenic earned by lead 
and copper ores is concentrated during the roasting and smelting operations m the 
fluo products, uhich are caught m tlie cooler parts of the flue sj stem Lead baghou«e 
dust, carrying SO per cent arsenic, and copper furnace and roaster dusts, carrying 20 
to 30 per cent arsenic, are not uncommon Tlie arsenic in these dusts exists largely in 
the form of the trioxide {AsjOjl 

At one of the American plants the baghousc dust, carry mg about 30 per cent 
arsenic, is mixed with a small quantivy of fine pynte or low-grade lead sulphide con- 
centrates and 13 fed to the hearth of a Bninton roasting furnace The pj'nt'- is 
added to the dust m order to prevent the formation of noni olatile arsenites m the 
residue from the roast, and it also gives a chnkered residue u hich makes a suitable 
blast-furnace feed The Brunton furnace lolatihzcs 7S to 00 per cent of the arsenic 
m the dustT'hich is charged to jt The gases from the Brunton furnaces pass through 
a cooling flue built ui the form of a number of connecting rooms or chambers Bnek 
la usually employed m the construction of these cliambers, or kitchens, as they are 
called The temperature of the gas m the cooling flue is so regulated that it enters 
the first kitchen at approximately 220*C , and by the time it reaches the last kitchen 
it has dropped to lOO^C , or less The crude arsenic tnoxide collects m the kitchens 
and IB removed at the end of the campaign for refining This crude arsenic tnoxide 
should contain 90 to 9S per cent As«0, 

The crude AsgOj is resubhmed ui order to remove impurities, this operation is 
repeated until the desired purity is obtained Reverberatory furnaces are used for 
this work and are fired with gas or coke The furnace gases pass through settling 
chambers and then to the kitchens, where the refined arsenic tnoxide is collected 
The product should contain over 99 per cent AssOj 

The mam source of atsemc at Anaconda is m Butte copper ores The concen- 
trates from these ores average approximately 2 0 per cent As The roastmg and 
smelting operations ehminate a very considerable portion of the arsenic into the flue 
system where it becomes considerably concentrated m the dust collected at the 
^ttrell treaters and m the upper portion of the main flue The Cottrell dust and the 
areenic enriched portion of the mam flue dust constitute the feed to the arsenic 
roasters 

Arsenic Roasting Plant — ^Three rows of McDougal roasters m No 1 roaster 
budding have been remodeled mlo three seta of arsenic-roastmg furnaces and con 
densmg chambers A set consists of four I6-ft Buc-heartb furnaces connected m 
senes The first, or roastmg, furnace is gas-fired on the third and fifth hearths and 
IS equipped with a specially designed apron feeder for chargmg the dust The remam 
mg three furnaces serve as condensing chambers to collect the condensed arsenic 
in the form of a crude AsjO, product The inside hearths have been removed and a 
central vertical partition installed This partition has an opening at the bottom to 
permit the passage of the gases The gases enter each condenser at the top, pass down 
one side of the partition and up the other, leaving at the top to enter the top of the 
next condenser and so on to their exit through eonnectmg flues and a dust chamber 
to the flue system The bottom sets of arms hav e been left m each condenser and are 
operated periodically to remove the collected arsenic, which is sent to the refining 
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furnaces. The roasting furnaces are operated at a temperature of approximately 
650°C., as liigher temperatures cause fusion of the condensed arsenic in the condensers. 
Experience has proved that 50 per cent AsjO, is the maximum permissible in the feed 
to the roasters if fusion is to be prevented. Arsenical dusts of high arsenic content 
are diluted with fine flue dust. It has been found that improved results are obtained 
when coal to the amount of 10 per cent of the weight of the dust is mixed with the 
roaster feed. 

The roasters yield a residue containing about 5 per cent AsjOs, which is returned 
to the reverberatory furnaces for the further recovery of copper and the elimination 
of arsenic into the flue system. 

The roasting furnaces have a capacity of about 50 tons of charge per 24 hr. and 
yield a crude arsenic trioxide assaying about 90 per cent AsiOj. 

Refining Plant. — Two refining furnaces of the reverberatory type have been 
installed. Each furnace has an over-all length of 361^^ ft. and a width of 14 ft.; the 



Fia. 4. — Arsenic refining furnace. 


hearths are 26?^ ft. long and 12 ft. wide. The main hearths are made of cast-iron 
plates. Tu'o fireboxes are used, one at the back of the furnace, whose hot gases pass 
under the cast-iron hearth and back over its top, and the other at the front of the 
furnace, whose gases pass only over the hearth. 

The charge consists of 8 tons per furnace day of the 90 per cent AsjOa crude 
arsenic from the arsenic roasters. The charge is dropped to the hearth through open- 
ings in the roof and is spread out with rabbles; part of the charge is dropped during 
the afternoon shift and the balance during the night shift. A thin layer of crushed 
rock is spread over the hearth before charging the furnaces to facilitate the removal of 
the rc.sidue after the arsenic has been volatilized. A special crew cleans the hearths 
on the day shift. Each refining furnace will treat 30 tons per day, when treating very 
high-grade dust or when rerefining. High-grade material is dropped on all three 
shifts, and the rc.sidue is removed once in 2 or 3 daj-s. A temperature of 550°C. has 
been found to give the best results in these furnaces. A draft of 0.05 in. of water 
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gives satisfactory results The volatiliaition of about 80 per cent of the arsenic in 
the 90 per cent AsjO, material fed to the furnace gives the most economical operation 
The refining-furnace residues are smelted m the stack reverberatory 

Condensing Kitchens. — Three sets of chambers are used for handling the gases 
from two refining furnaces, two of these diambcrs being used while the third is being 
cleaned Each chamber is approsimately 225 ft long and is divided into 39 kitchens 
The kitchen nearest to the furnace is larger than the others and is used for settling 
the nonarscnical dust Its temperature is about 295’C , or above the condensation 
temperature of AsjOj The gases rool as they pass through the kitchens by radiation 



Fiq. 6 —Modem refining furnace (Courfeey of Anactynda Copptr il/intnir Co ) 


and leakage and leave the system at 90 to lOO'C Most of the arsemc settles out in 
those kitchens which have temperatures from 180 to 120'’C The kitchens nearest 
to the furnace contain a fused or amorphous arsenic, black in color, and carrying 
about 95 per cent AsiOj This material is rerefined The material in the succeeding 
kitchens increases in arsenic content to 99 9per cent AssOj, andis white and crystalline 
The grade of the dust diminishes m the last kitchens, and changes to a fine white 
powder 

Packing. — At the end of each refining campaign the kitchens are sampled, and 
the samples are run for total arsenic and soluble arsenic The product is then graded 
and packed m barrels of 500 lb each, it is made mto 50,000-!b lots and sold as white 
soluble, white insoluble, or crude arsenic The capacity of the packing room is 
18 tons per 8-hr day The white insoluble arsenic can be changed to the white 
soluble by rerefinmg if market conditions demand 
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Manufacture of Arsenic Trioxide from Arsenical Pyrite.' — ^The arsenical pyrite 
is crushed by jaw crushers and is then ground in ball mills. The ground product is 
washed to remove as much foreign matter as possible, and dried. The drjdng was 
formerly done on the top of the roasting furnace, but this method cools the furnace and 
reduces the roasting efficiency. The drying is done in a mechanical drier, which is 
equipped with a screw conveyer for stirring and progressing the charge. 

'The dried concentrate is charged to the top of a roasting furnace of the MacDougall 
type, 18 to 30 ft. high and 10 to 16 ft. in diameter. The rabble arms rotate at a speed 
of 5 r.p.m., but even at this speed some dust is carried out of the roaster with the gases, 
and this dust must be separated from the gases before they pass to the condensing 
chambers. This is done by a dust separator placed at the gas outlet of the roasting 
furnace. This separator consists of an insulated chamber containing two rotating 
screens of fine mesh provided with revolving brushes for cleaning. This arrangement 
removes nearly all the solid matter in the gases and offers but little resistance to the 
flow of the gases. The cleaned gases are then drawn by a fan through the condensing 
chambers. 

The condensing chambers are made of sheet lead and are divided into a number of 
smaller compartments by sheet-lead baffles which increase the condensing surface. 
Water sprays are introduced into the chambers to facilitate the condensation of the 
arsenic trioxide and to flush the condensed material out of the chambers into a col- 
lecting tank. Lead is the only metal that will withstand the action of the sulphurous 
acid generated from the sulphur in the concentrate. 

The mixture of water and arsenic trioxide is then filtered in vacuum filter tanks, and 
the moisture content is reduced to 20 to 25 per cent by the addition of some dry arsenic 
trioxide. It is then passed through a rotary drier, which is lined with porcelain to 
prevent sticking to the sides of the drier. The drying temperature employed is about 
180°C., in order to prevent the loss of arsenic by subhmation during drying. 

The crude arsenic trioxide is refined by sublimation. Furnaces 10 to 14 ft. in 
diameter, equipped with cast-iron hearths and rotating rabbles, are used for this 
operation. The crude arsenic trioxide is charged to the furnaces through openings in 
the roof. The proper temperature has been found to be 245°C. Approxdmately 
70 parts of fuel are required for each 100 parts of refined arsenic trioxide. 

The final condensation takes place in lead-lined wooden chambers containing 
baffles and placed over a trough that carries a porcelain screw conveyer for the removal 
of the collected material. About 0.65 lb. of arsenic trioxide is condensed per square 
foot of condensing surface. The exit gases from the condensing chambers pass to a 
coke-filled scrubber, where the last of the areenic is removed with water sprays. 
The finished product is finely powdered, perfectly white, and will assay 99.0 per 
cent AS2O3. 

II. W. Bridges^ gives the method used for the recovery of arsenic from the cobalt 
ores of Cobalt, Ont. The ores are crushed and then ground so as to pass 30 mesh in 
ball mills. The charge, with the proper fluxes, is smelted in 32 X 72 in. blast furnaces 
with capacities of 25 to 30 tons per day. The fluxes used are limestone and a low- 
grade siliceous ore. The products are flue dust and crude arsenic trioxide, slag, silver 
bullion, and speiss. The flue dust and crude arsenic trioxide are caught in suitable 
settling and condensing chambers. The flue dust is returned to the blast furnaces, and 
the crude arsenic trioxide is sent to the arsenic refinery for retreatment. The slag is 
discarded if it carries less than 10 oz. of silver per ton. The silver bullion assays about 
860 fine and is treated in a cupel furnace for 24 hr., after which treatment it averages 
994 fine. The speiss — a typical assay of which is Ag, 1480 oz.; As, 31.3; Co, 25.2; 

* Jnd, c/itm., p. 426—429, December, 1920. 

s Metallurgy' of Cobalt, Ontario, Ores, Can. Mining Jour., Jan. 15, 1910. 
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Ni, 15 3, Fe, 16 1 per cent— is crashed, ground, mixed with 20 per cent NaCl and 
roasted m Edw arda mechanical roasters having a daily capacity per furnace of 2400 lb 
The roasted product is then leached with cold water to remove the undecomposed 
NaCI and soluble salts of cobalt, nickel and copper w hich have formed m the roasting 
operation The residue is then leached with four successive batches of Na 2 SjOi solu 
tion to remove the silver The cobalt, luckel and copper are recovered from the 
water leach liquors and the leached residues The crude arsenic tnoxide is resublimed 
in the arsenic refining furnaces in the usual manner, produemg an arsenic tnoxide of 
99 0 per cent 

Manufacture of Lead Arsenate — A number of methods have been proposed for 
the manufacture of lead arsenate, the first step of which is the comersion of arsenic 
tnoxide or a soluble arsenite into arsenic acid or a soluble arsenate A fusion of 
arsenic tnoxide with caustic soda or Bodium carbonate and sodium nitrate yields 
sodium arsenate, which is then dissolved in water and mixed with the solution of a 
soluble lead salt, as the nitrate or acetate, the insoluble lead arsenate being pre 
cipitated Chlormo gas will slowly convert a solution of sodium arsenite into sodium 
arsenate it will also convert a mixture of arsenic tnoxide and w ater into arsenic acid 
Nitric acid and arsenic tnoxide react violently to form arsenic acid, the gaseous 
products of the reaction contain considerable nitnc acid and are generally sent to a 
condensing system for the recovery of this acid 

A patent^ issued to Luther and Voick covers the formation of lead arsenate by 
roasting the combining parts in the presence of oxygen Lead arsenite is formed and 
oxidised to lead arsenate by roasting in the presence of ox> gen The lead arsenite is 
produced by beating wbite arsenic with lead or lead oxide It may also be formed as 
n mixture of lead arsenite and lead arsenate by beating red lead with white arsenic 
Lead arsenate may be formed directly by roasting white ars'^nic with lead peroxide or 
lead nitrate or one of the lower oxides of lead w'lth an oxidizing agent 

The Barstow and Cavansgh patent* consists in combining litharge with arsenic 
acid assisted by the action of a catalytic agent the direct combination of arsenic acid 
and hthaige is too slow to be of commercial value The catalytic agent used is a 
small amount of either nitric or acetic acid 

U S patent 1398267, issued to John Kirby, Matthew S Hopkms, and Charles B 
Bernhart, of Reading, Pa , covers the use of sulphonic acids of the aromatic hydro- 
carbons as catalytic agents for the manufacture of lead arsenate from litharge and 
arsenic acid The purity of the sulphonic acid used is nonessential, as the mixture 
of sulphomc acids obtained by the sulphonation of the commercial grades of hydro- 
carbons wdl act effectively The lead arsenate produced by the use of these reagents 
possesses the physical requirements important for an insecticide, nz , large bulk, good 
dispersion, proper adherence to the foliage treated, and effective insecticidal properties 
The preparation of the catalyst is earned on approximately as follows A commer 
cial grade of a suitable hydrocarbon, such as ordinary naphthalene, is sulphonated in 
the usual manner, the excess sulphuric acid is removed by precipitation with a soluble 
lead salt, and the clear liquor is separated by decantation or filtration 

A charge of 700 lb of litharge is placed in a tank, and agitated to keep the litharge 
m suspension in water About 501b of the mixed sulphonic acids is added thequan 
tity to be used depending upon the speed of reaction required and the physical prop 
erties desired in the product Approximatclj 600 lb of a 75 per cent arsemc acid is 
then slowly added The temperature is raised to 160'F The mass slowly changes 
m color to white as the litharge is converted to lead arsenate Any excess of litharge is 
removed by the addition of more arsenic acid The resultmg mass of lead arsenate, 
‘U S patent 929962 Aug 3 1909 
> U B patent 1228516 Slay 5 1917 
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the lead salt of the sulphonic acid, and water may be washed and the lead arsenate 
pressed for use as paste or as powder after drying and grinding. The sulphonic acid 
liberated by the precipitation of the lead arsenate is available for further use as a 
catalyst. 

Lead carbonate or basic lead carbonate can be substituted for litharge and a solu- 
tion of a soluble arsenate for the arsenic acid. 

Manufacture of Calcium Arsenate. — Calcium arsenate is manufactured by the 
method developed by the U. S. Department of Agriculture at Tallulah, La. This 
consists in the oxidation of arsenic trioxide to arsenic acid by means of nitric acid. 
The arsenic acid is then neutralized with sodium hydrate to form sodium arsenate, 
and calcium arsenate is precipitated by the addition of milk of lime to the solution of 
sodium arsenate. The calcium arsenate produced must have the necessary physical 
properties for use as an insecticide. 

Calcium arsenate is also made by direct combination of arsenic acid and milk of 
lime under controlled conditions to jdeld a product of the required chemical and 
physical properties. 

Precautions in Handling Arsenic Trioxide. — Arsenic trioxide is verj’’ poisonous, 
and considerable care must be exercised to prevent occupational poisoning. Ample 
draft in the furnaces and flue systems, proper ventilation in all parts of the arsenic 
plant, proper bathing facilities for the men, and the use of efficient respirators have 
greatly reduced the danger of arsenic poisoning. One American plant has success- 
fully applied the pneumatic system to the removal of the arsenic trioxide from the 
lutchens. 



CHAPTER V 
ANTIMONY 

Bt Chtog Yc ^anq* and Gut C Riddell* 

— ^1ti pcATi\ 'iSA by WMv, ULLvoMay <& ow*. o{ tha oldest oC tbe metals 
The natural sulphide was known to the people of ancient times It was used by them 
as medicine and as an article of toilet for eyebrow painting by women of bibbcal tunes 
A vase found at Tello, Chaldea, cast in metallic antimony discloses the fact that m 
about 4000 B c the Chaldeans knew the art of the reduction of the metal A copper 
ewer and basin of the Fifth or Sixth Dynasty (about 2500-2200 b c ), discovered m 
Egypt, was found covered with a thin coating of metalbc antimony, thus showing 
that the ancient Egyptians knew something of the art of surface plating 

Basil Valentine, a German monk of the fifteenth century, and Agncola* wrote of 
liquation, precipitation, and starring of regulus Valentme gave distinct recipes for 
the preparation of antimony trichloride, basic chloride, trioxide, and potassium anti> 
monate In the fifteenth century, antimony was in use for printers’ type, and in 
mirrors and bells In the sixteenth century came its use as a medicine Of the 
methods now obtaining in antimony metallurgy the precipitation of metal from 
sulphide by iron appears in writings of the seventeenth century (Erckcr), and in the 
eighteenth century, the roast-reduction procedure came into use In the early 1830's 
came the reverberatory furnace, m 1878, direct smelting m the blast furnace, in 1844, 
the French volatilization process, and in 1896, electrolytic antimony first appeared 
in the market 

Physical Properties — Pure antimony is a silver white shinmg brittle metal 
Other physical properties are atomic weight, 12176, atomic number, 51, specific 
gravity, 6 6 to 6 7, hardness, 3 0 to 35, specific heat, 0 05, melting point 630 5*0 , 
latent heat of fusion, 38 84 cal per g , crystallization, hexagonal 

Other allotropic forms of antimony arc explosive antimony, black antimony, and 
yellow antimony Explosive antimony can be produced by electrolysis, usmg a bath 
of hydrochlonc acid and antimony protochlonde, with antunonj metal as anode and 
platinum foil as cathode This form of antimony, nibbed in a mortar, loudly deton 
ates, giving off light and heat Black antimony is another metastable amorphous 
form, produced when antimony metal vapor is suddenly cooled This form of the 
eUmewt. w twire aitwe cheroAcally than the ocdinwry matallvt form, being semetimee 
spontaneousl> combustible At 100*C it changes gradually to the ordinary metal, 
at 400*C the change is sudden 

Yellow antimony, the most unstable of the several forms of antiraonj , is without 
any metallic property and corresponds to white phosphorus and > ellow arsenic This 
form, obtained by introducing oxygen into antimony hydride at — 90°C , is of aca 
demsc interest only It changes into black antimony above — 90*C , under ordinary 
light 

Chemical Properties — Antimony has three valences, three, four, and five Its 
chemical properties resemble those of arsenic, and it stands close to the zinc griup, 
> Director of research Wah Chang Smellins & Tradinir Co K Y 
» Consulting engineer Ntw Yoric 

» De re metalhca Vo‘ 15 1557 
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being closely similar to germanium. Antimony is but slightly oxidized at ordinary 
temperatures. On heating, however, the metal readily oxidizes to the trioxide. 
The metal is also readily oxidized by any salts that can easily give up their oxygen 
component, such as lead oxide and manganese peroxide. It also oxidizes in the 
presence of steam. 

In acids, the metal is unattacked by dilute sulphuric, but forms antimonious 
sulphate in hot concentrated sulphuric. It is attacked by hydrochloric only when in a 
state of fine powder. In concentrated nitric, it is converted to the trioxide. In 
aqua regia it dissolves readily to form the pentachloridc. 

Mixed with niter and soda, antimony explodes on ignition. With alkaline nitrate 
and chlorate, the metal decrepitates, forming an antimoniate. 

Some of the fundamental constants and chemical reactions germane to the metal- 
lurgy of antimony are now recapitulated, as follows: 

SbjSs melts at 550° (Pelabon); at 540° (Wagemann); at 546° (Borgstrom) 

SbjSj volatilizes, in the absence of air, between 650° and 917° (S. A. Chakhov and 
* I. I. Slobodskai) 

SbjSs -b 90 SbjOs + aaOo; begins at 290°, rapid at 520°, and finishes at 500° 
(Saito); begins at 290°, if the size of the grain is 0.1 mm. in diameter, at 343° if 
0.1 to 0.2 mm., and at 430° if 0.2 mm. (Friedrich); commences at 190°, ener- 
getically at 340°, and terminates at 445° (S. A. Chakhov and I. I. Slobodskai) 
SbjSa + 2Sb203 — ^ 6Sb + SSOj; in a current of inert CO2, gas, at 950° (W. R. Schoel- 
ler) 

xiSbjSj) -1- yCSbsOj) — > xy(Sb403S3); fused under a layer of salt; at 517° 

86383 -b Fe -> 2Sb -t- 3FeS 

286383 + 9O2 -♦ 286303 + 680:; H = -687,000 cal. 

SbiSj + 3H3O -> 286303 + 3HjS; H = -f 26,700 cal. 

86383 + SO: -> SbjO, + 3SO3; H = -389,900 cal. 

SbsOs -b O — ♦ Sb20<; at above 445° (Chakhov and Slobodskai) 

86:04 -b O — > SbsOs; commences at 900° and finishes at 1030° (Chakhov and Slo- 
bodskai) 

SSbsOs — » SbtOjs -b O3; at between 620 and 720° (A. Simon and E. Thaler) 

86:06 — > 86:04 -b 0; at between 750 and 800° (A. Simou and E. Thaler) 

86:04 — + SbsOs -b 0; at 930° (A. Simon and E. Thaler) 

586:03 -b 0 — > 2Sbs08; at between 360 and 400° (C. T. Carnelley and J. Walker) 
286:03 -b 0 — » 86407; at between 440 and 500° (C. T. Carnelley and J. Walker) 
86:03 -b 0 ^ 8640?; stable between 500 and 565° (C. T. Carnelley and J. Walker) 
86:03 -b O — » 86:04; at between 565 and 585° (C. T. Carnelley and J. Walker) 

86:0: -b O — >■ 86:04; stable at between 590 and 775° (C. T. Carnelley and J. Walker) 
286:03 -b 3C -> 286: -b 3C0; at red heat 
Sb:04 -b 4C -» 386 -b 4CO 

SbjOs + 3CO 2Sb -b SCO:; between 502 and 596° 

86:0: + 6H — > Sb: -b 3H:0; at red heat 
86:03 -b 3CO — > 2Sb -b 300:; at 500° (Watanabe) 

Ores and Deposits. — There are found in nature upward of about 112 minerals 
containing antimony, but only a few of them, as arranged in Table 1, can be con- 
sidered as antimony ore-forming minerals. 

Speaking generally, antimony lodes are simple lode.s, limited in strike and depth, 
and belonging to the mesothermal type of deposits. Usually their sizes are irregular, 
pinching off rapidly. Most of the well-known deposits in various parts of the world 
occur, either directly or indirectly, associated with igneous rocks. They are generally 
granites and rocks of intermediate acidity, such as diorites, quartz-diorites, monzonites. 
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and quartz monzonites The exceptions to the general association of igneous rocks 
are the metasomatic replacement deposits m lunestoce 


Tabub I 


Class of 
mmcral 

Name of 
mmcral 

Formula 

Anti- 

mony, 

% 

Specific 

gravity 

Mode of 
occurrence 

Sulphide 

Stibnite 

Sb.S, 

71 4 

4 52^ 62 

Hvnoeent 

Oxide 

Valentinite 

(rhombic) 

Sb,0, ! 

83 3 ' 

5 5 Gg' 

Supergenc 

0"d» 

Senarmontite 

(cubic) 

Sb,0, 

83 3 

5 22 5 30 

SuPereene 

Oxide 

Cervanlite 

Sb,0, 

78 9 

4 084 

SuDoreene 

Hj droxide 

Stibiconite 

SbiO, H,0 

74 5 j 

5 1-5 28 

Supergenc 

Oxysulphidc 

Kermesitc 

2SbASb,0, 

75 0 

4 5-4 6 

Supergene 

Natii e 

Native anti 
mony 

isb 

94-98 

6 65-6 75 

Ilypogcne 

Mercury ore 

Lix'ingstonite 

|HgSb«S,(HgS2Sb,S,S) 1 

53 

4 81 

Hypogene 

Lead ore i 

Jamesoiuto i 

! PbSb^i 1 

29 4 1 

6 5-6 0 

Ilvpoeenc 

Copper ore 

Tetrahednte 

CuibbtS} 1 

24 7 ' 

4 4-5 1 

Hypogene 


Market and Uses — In 1935, the United States consumed 40 per cent of the anti- 
mony of the world, Great Britain 18, Germany 13 3, France 9 4, and Italy 3 fl per 
cent The average pnee per pound of antimony from 1908 to 1938 was 11 8 cents 
(minunum 5 cents, maximum 45) Ore is generally bought on an agreed price per 
unit (United States umt being 20 Jb , British 2241b) Antimony content of the ore 
is generally limited to a minimum of 50 per cent Lead, bismuth, arsenic, copper, and 
sine are considered objectionable impunties and are penalized if they are present 
above the following percentages lead 0 3, arsenic 0 1, copper 0 1 per cent, zinc and 
bismuth are considered very objectionable impurities if present in more than traces 
The trade Specification for (he metal or regulus is that it shall contain a minimum 
of 99 per cent antimony and not more than 0 3 per cent arsenic and show the usual 
bright “stars" on the surface 

— The prmcipal uses of antimony, arranged in the order of magnitude of 
consumption, are as follows 

I Metalluroical Uses, in the form of alloys 

Batteries —The largest use of antimony— normally about 30 per cent of the total 
United States consumption is in the manufacture of gnda m storage batteries, as 
used pnocipally m automobiles The percentage of antimony m storage battery 
grids ranges from 5 to 12 

Beanngs —Tor beanng purposes the quantity of antimony required amounts to 
about 20 per cent of the annual consumption m the United States Beanng metal is 
sometimes known as white metal There are two types of white metal, the tui base 
and the lead base, the former is known commerciatly as "babbitt metal” or “bab- 
bitts ” The genuine babbitt metal contains generally less than 10 per cent antunony 
and the lead-base white metal less than 15 per cent antimony 

Type Metal — This is essentially an alloy of lead, antimony, and tin, contaming 
Up to about 30 per cent Sb 
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Britannia Metal and Pewter. — Britannia metal is practically an alloy based on tin 
with antimony in variable proportions and smaller quantities of copper, zinc, lead, 
bismuth, or other metals. Pewter, an alloy of tin-antimony-copper, resembles high- 
grade Britannia metal. 

Ammunition. — The general composition of shrapnel bullets is 12 to 15 per cent 
antimony, the balance is lead. 

Cable Sheathings. — Cable sheathings are made of lead hardened by 0.76 to 1.00 per 
cent antimony. 

Hard Lead. — Hard lead is simply antimonial lead. The antimonial content of the 
lead depends upon the use to which the metal is put, the percentage ranging from 6 per 
cent or lower for rolled sheets for linings and roofing to 28 per cent for special purposes, 
such as nozzles. 

II. Chemical Uses. 

Enameling. — As an opacifying agent for white enamels, antimony trioxide has 
almost completely replaced tin oxide, mainly because of the high price of the latter. 

Pigments. — 1. “Antimony white” is the trioxide of antimony w'hich is formed as a 
very fine powder in the flues and dust chambers of antimony-roasting furnaces. It 
can be collected in this form and used without further treatment for certain paint 
purposes, but a specially ground and prepared oxide called Timonox is produced in 
England, of superior texture, opacity, and whiteness, which has become of great 
usefulness among pigments. 

2. “Antimony black” is metallic antimony deposited electrically or chemically 
as a fine powder from an antimony solution and is used as a bronzing pigment for 
metals and plaster casts. 

3. “Antimony vermilion,” a red trisulphide of antimony, may be formed by pre- 
cipitating an antimony salt from solution with sulphureted hydrogen. As a pigment, 
it is in many ways superior to red oxide of lead, red chromate of lead, or mercury 
vermilion. 

4. “Antimony yellow” is produced by the slow oxidation of the sulphide; various 
shades of yellow are formed by mixing with red lead and zinc white. 

5. “Antimony blue,” “antimony violet,” etc., are other pigments produced by 
mixing antimony yellow with other mineral compounds. 

Rubber Vulcanizing. — Manufacturers of antimony sulphuret for use in the rubber 
industry customarily use the words “golden ” and “crimson ” to indicate pentasulphide 
and oxysulphide, respectively, and the word “golden-crimson” when both are present. 
It is still doubtful whether pure pentasulphide as such has ever been prepared. Com- 
mercial antimony pentasulphide, or “golden antimony sulphide,” is generally sup- 
posed to be a mixture of antimony tetrasulphide and free sulphur (Sb 2 S 4 -{- S). 
Whether the “crimson” product is really an oxysulphide of antimony is still doubtful. 
It has been considered that many of the substances described as oxj^sulphides of 
antimony arc probably mixtures. 

Mordants. — Tartar emetic and antimoninc are the principal compounds of anti- 
niony that are used as mordants. 

Amnnmition. — ^Antimony sulphide in the form of “crudum” is used as a con- 
stituent in military and sporting arms primers and as a smoke producer for smoke 
screens, range-finding shells, and tracer bullets. 

Fireproofing. — The largest single use of antimony today is for a new demand, the 
preparation of an antimony compound with chlorinated rubber or chlorinated paraffin, 
employing approximately 10,000 tons of the metal per year, for rendering certain 
essential war fabrics flameproof and fire-resistant. Materials treated with the 
compound quickly e.xtinguish flames that accompany initial combustion by virtue 
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of on automatic chemical reaction as the compound itself is heated Certain new- 
fireproofing pigments of antimony base, employed in ship construction, are al«o 
increasing the war consumption 

OOitT Uses — In various forms antimony is used m the manufacture of matches, 
medicme fireworks, toys, etc 

The Metallurgy of Antimony. — Stibmte, SbiSj, antimony sulphide, or glance, is 
the principal ore for the extraction of antimony The other ores— cervantite, kerme- 
site -valentmite sernarmontite — are oxide ores and occur sparingly m nature Dry 
methods are generally adopted for the extraction of the metal Electrometallurgical 
methods have had much attention in \menca and Germany but have not yet found, 
on economic grounds, practical or extended apphcation except m a few rare cases 
Dunng recent jears treatment of the poor grades of the ore, especially sulphide ore. 
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Fio 1 — Processes lor Ireatmeot of antimony ore 


by ore-dressing methods has commanded some attention and been adopted in a few 
cases 

The impure sulphide of antimony, resulting from the liquation process, is called 
“needle,” “hquated,” or “crude” antimony, and the refined metal itself is called 
antimony “regulus ” 

The accompaning scheme shows the different processes adopted for the treatment 
of various grades of antimony ores 

Liquation of Crude Antimony —The first step m the smelting of antimony is a 
simple one — the process of "liquation," which produces crude or needle antimony 
Ores contammg about 60 per cent Sb are used m the liquation process for the produ<’ 
tion of crude The temperature required for hquation is between 550 and 600°C 
Ores to be hquated are broken to about walnut sise If the pieces are larger than this, 
the low heat used wU not penetrate effectively, and if the size is smaller than w alnut, 
the ore tends to pack too closely for adequate penetration A packed cha^e also 
prevents the free escape of the fused sulphide 

Intermittent Liquation in Crucibles — There has been developed in China a unique 
type of furnace for crude smelting which, in spite of the heavy loss m antimony 
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entailed during smelting, is simple in construction and operation, as shown in Fig. 2. 
The furnace is generally built in four sets of two pots each. The upper pot, which has 
a 14-in. hole at the bottom for the liquated 
product to trickle through, is the con- 
tainer, capable of holding a charge of 45 
to 60 catties (1 catty is equivalent to 
about 1.3 lb.), and the bottom pot, bed- 
ded in sand or ashes, is the receiver for 

the liquated product. Each charge . • c-j 

requires 2 to 4 hr. to run, and the life of Cross Section ctrging i e 

the pot is generally 10 to 15 days. The Fig. 2.— Liquation furnace and pots used 
liquated product is ladled into a mold, China, 

holding 16 lb. of crude. For 60 per cent Sb ore, the extraction is generally 83 per cent 
of the contained antimony, and for 45 per cent Sb ore, it is as low as about 64 per cent. 
The residue from the container contains 12)4 to 30 per cent Sb, which, as will be seen 
later, can be extracted in a volatilization furnace. 


A 



B 

Fig. 3. — Plan of liquating reverberatory furnace. 


Continuous Liquation in Reverberatory Furnaces. — The primary object of the 
liquation process is to free the sulphide of antimony from its associated gangue. As 



Figs. 4-5. — Elevation and cross sections of liquating reverberatory. 


carried out in the old-fashioned pots, tubes, or crucibles, it is laborious, expensive, 
and wasteful. On the other hand, although liquation can be easily carried out in 




110 


NONtERROUS METALLURGY 


reverberatory larnaces, tbe operation is attended vrith some difficulties The main- 
tenance of a reducing atmosphere, to prevent the formation of either the volatile 
tnoxide or the stable tetroxide, JS not easy to attam While the tnoxide can be 
partly recovered m any suitable flue or condensation apparatus, the tetroxide, found 
temainmg in the residue, has to be considered as a loss, since it can probably be 
recovered only in a very high temperature upon further treatment of the residue by 
the volatilization process It is regrettable that experimentation with gas finng has 
never been tried out, as it is obvious that by such a method of working a reducing 
atmosphere can be better maintained 

Figures 3 to 5 show the construction of a liquation reverberatory furnace 
The residue from the liquation process, generally retammg about 15 to 25 per cent 
Sb 2 Sj, may be treated in any of the volatduation furnaces to be described later 
Dead Roastmg for the Preparation of the Stable Tetroxide — Dead roasting as a 
process is seldom adopted, even with nch sulphide ore or crude, as the mteTinediati. 
product SbjOi has no market and haa to be finally reduced to the metal Rich sul 
phide ores containing about 50 per cent Sb are generally treated by the hquation 
process for the crude or by the English precipitation method for the metal 

The oxidizing roasting of antimony ore results m either one of two products, 
dependmg on the temperature and air control — the volatile tnoxide, 8biOi or the 
stable nonvolatile tetroxide, SbjO 

The chemical changes taking place m the production of these two oxides are rather 
complicated According to Borchers,* the tetroxide, SbjOi, which he regarded ns a 
salt resulting from the reaction of the pentoude SbtOi, having an acidic character, 
with the tnoxide, SbjOs, having a basic character, is thus produced 

Sb,Oi + Sb,0. - 2SbSb04 

However, from a study of the temperature control of the roasting of the sulphide for 
the derivation of the various oxides the authors now consider the above reaction to be 
apart from the facts In a general way, when the sulphide, Sb]S> is roasted, the 
following chemical changes take place 
Below 500®C 

2Sb,S, +SOj-»2Sb,0, + 6SO,, //*» +687,000 (I) 

Between 500 and 900*C 

Sb,0, + O Sb,0* (2) 

In other words, the tetroxide is derived directly from the tnoxide and is not formed by 
the mutual reaction of the tnoxide with the pentoxide When the sulphide is heated 
below the temperature indicated in formula (1), the tnoxide is formed with evolution 
of heat, amounting to 687,000 col This heat would instantaneously bring the par- 
ticles of nascent SbjO* to temperatures well above 500°C which then renders the 
reaction according to formula (2) possible, if an excess of oxygen is present 

When oxides of other metals are iwcsent, antunoniates are formed If, also, sul- 
phides of foreign metals are associated wi^ the stibnile these foreign metals are 
brought mostly to the form of antimoniates, instead of remaining as they would 
under ordinary cucumstances, as sulphates IE the proper temperature {below 
600°C ) and an excess of air have been mamtamed, and if, in the case of rich ores 
constant rabbling has been performed, the roasted mass should contain the tetroxide 
pnncipally Under ordinary workmg conditions, however, the product will contain 
antimony glass, undecomposed stihnite, and antimoniates, arsenates and sulphates 
pf the foreign metals present Much attention must be paid to the regular rabbling 
iZinn Wwmut Antimon Metallhuttenbetnebe Vd 4 p 138 M Knapp Halle 1924. 
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of the charge as the richer parts of the ore tend to liquate and to frit together. The 
richer the ore, the more difficult it is to roast. Toward the elid'of the roasting, the 
temperature should be raised a little, in order to complete the oxidation 'of.any.undh- 
composed sulphide. If carried at too high a temperature, however, the mass will frit 
together, and the penetration of air to the interior is prevented, and both the sulphide 
and oxide are volatilized. 

A charge properly roasted has a reddish color while in the furnace and an ashy- 
gray color on cooling, and there should be no evidence of fritting in the furnace. If 


H<?od -for Removal 



Fig. 6. — Long-bedded reverberatory. 

an excess of air has not been available, the roasted product will be largely the volatile 
trioxide instead of the tetroxide. 

The roasting of stibnite for the production of tetroxide is generally carried out in 
reverberatory furnaces provided with condensing apparatus. The furnaces are of two 
kinds: (1) small rabble furnaces (egg-shaped hearth), (2) long-bed reverberatory fur- 
naces (similar to the hand-reverberatories of lead smelting practice). Figure 6 shows 
the small-type rabble furnace used in France. 




rabble furnace of this type handles a charge of 5 to 6 cwt. of ground and screened 
Ore in about G hr. The time required varies from 3 to 12 hr., according to the richness 
of the ore. During the first 2 hr. the door must be closed, but toward the end it is 
opened for stirring and rabbling the charge and for free admission of an excess of air. 
ss of antimony in this furnace treatment varies from 4 to 8 per cent. 

The long-bedded reverberatory of German, French, Italian, and American plants 
IS about 40 ft. long by 76 in. wide. It has 8 or 10 working doors on each side and car- 
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Ties about IH tons of ore, of which 6 cwt are charged at a tune The ore uorks 
through the furnace m about 40 hr , dunng the last 2 hr before draw mg, the charge la 
thoroughly rabbled every 5 mm and the heat la strong Properly roasted ore has a 
dull grayish yellow color Loss of antimony m these long hearth furnaces runs about 
8 per cent 

Furnaces with a trough-shaped hearth, slopuig toward one side, have been pro- 
posed, but are not in successful use, for the carrymg on of both reduction and roasting 
at the same time The slope of the hearth la for tapping out any accumulation of 
sulphide that hquatea dunng the roasting 

The dead roasting of the ore or of the crude as carried out m reverberatory fur- 
naces 13 simple, but is not entirely satisfactory, as constant and vigilant attention is 
required to prevent the fritting of the mass, w hich, w hen once formed, w ould pre\ ent 
the penetration of the air to oxidize the interior of tlie mass lo obviate such diffi- 



culty as well as efficiently to oxidize the charge to the stable tetroxide without the 
expenditure of much labor, A Lissner and E Eichelter* have made use of a cylindrical 
rotary furnace of 12 to 20 m in length, with some degree of success, as illustrated m 
Fig 7 SuchafuroacecanbefiicdwiUiflamingcoalorgaSiptefeiablyvntbthelatter 
The draught can be regulated with a ventilator, while any volatile oxide formed can 
be condensed m any suitable flue or condensation apparatus 

At the AVah Chang Mining d. Smelting Co , Changsha, China the crude was first 
ground mto powder in a Chilean mill and was then fed into a rev erberatory furnace 
as shown m Fig 8, which could dead roast 2000 lb (906 kg ) of crude per 24 hr with 
a consumption of 700 lb (317 kg ) of coal Two workmen were required per furnace 
per shift of 12 hr 

Volatilization Roasting for the Tnoxide —Practically all the shaft furnaces for 
the volatibzation process are based on the same principle The ideal ore for treatment 

> The Use of a Rotsry rurntce {or the Hoasbiis of Rirli Aaimcn)' Or« Metall u Er Vol 19 p 

373 1922 
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in such furnaces is one containing 15 to 25 per cent antimony; ore above 40 per cent Sb 
would partly volatilize and partly liquate, and part of the liquated product would 
combine with the volatilized trioxide to form an oxysulphide compound, commonly 
known as “antimony glass,” which causes fritting at the lower zone of the furnace. 
Even with ore containing 30 to 35 per cent Sb, some fritting might occur, necessitating 
the maintenance of the furnace at a higher temperature than necessary for poorer 
ores. Hence the paradox: the richer the ore, the higher the percentage of coke 
required for the charge. It is possible to volatilize an ore of about 20 per cent with 
4 to 6 per cent charcoal, the temperature being thus kept at low red-heat. On the 
other hand, ■with Equation residue which ranges from 15 to 25 per cent, the problem 
is different. Here we have a material that disintegrates and packs at a very low red 
heat, thus partially blocking up the furnace and preventing free passage of the air 
upward. To remedy this, some works use a forced draft, while others use an excess 
of coke, amounting to 30 to 50 per cent of the charge, thus increasing the porosity 
of the charge. One can frequently tell when the furnace is blocked or when the suction 
fan is choked 'with the trioxide, especially if water is introduced into it, by observing 
the appearance of a reddish tint in the issuing trioxide fume, wliich would be white 
vith the furnace working under normal conditions. A plausible explanation for 
the appearance of this reddish tint in the otherwise white trioxide is found in the 
formation of the compounds SbjSjO, Sb203.2Sb2S3, Sb2O3.2Sb2S3.4H2O, or Sb2S3.2H20. 
Some sulphide particles from lack of free oxygen might be volatilized as such at tem- 
peratures above 650°C., taking up the moisture stiU in the ore. Another fact, which 
seems to substantiate such an explanation, is that whenever a new furnace, or one 
that has been standing idle for some time, is started the trioxide fume is frequently 
colored red at the commencement and continues so until the furnace is well under way. 
The explanation here is that there must be present a certain amount of moisture in 
the furnace, and it is this moisture that is taken up by the volatilized sulphide to 
form the above-mentioned red hydrated sulphide. In fact, an analysis of this pinkish 
o.xide sometimes shows the presence of 5 to 6 per cent S. 

It is impossible to maintain uniform temperatures throughout the furnace shaft. 
The bottom part of the furnace, where the burned-out ore is ready to discharge, is 
cooled by the incoming air, while the top part is also comparatively cool. The central 
part thus localizes a hot zone of reaction where fusion of the silicate-forming minerals 
of the gangue and in the coke causes frequent trouble. 

While Otto Barth‘ states that the volatile trioxide exists only^ below 700° and above 
1100' ’, our experience indicates that antimony sulphide, when roasted under properly 
restricted admission of air, changes to the volatile trioxide below 445 or 560° and above 
930°, while between the two limits, the oxide exists only as the stable tetroxide. In 
practice, the stable tetroxide maj’’ be considered to exist between 500 and 1000°. It 
IS thus obvious that proper control of temperature is important for the successful 
operation of the volatilization process. 

The many advantages of this method of treating low-grade antimony ores have 
brought it into general favor, and it is extensively used in one form or another in 
France, China, Yugoslavia, and elsewhere. These advantages are; (1) When the ores 
contain precious metals these are found in the residues after volatilization. (2) Bar- 
ring dressing the ores, it is the only method really suited to low-grade ores. (3) With 
different de\'ices for condensation, the loss of antimony can be greatb’’ lessened. (4) 
Less fuel is required, as the sulphur in the ore can be utilized as fuel. (5) The con- 
densed trioxide can be reduced to metallic antimony, or it can be marketed as white 
oxide to make paint, enamels, etc. 

' Dio MctaUverfluclitigimgsvetfahren mit besonderer BerQcksichtigung der Herstellung von 
Zinkoxyd," p. 05. W. Knapp, Halle, 1935. 
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Of the various modifications that have been developed in the volatilization method 
of producing antimony trioxide, the following important ones are described 

Ilerrenschmidl Process — Figure 9& is a loi^tudinal section and view of Herren- 
schmidt’s finally perfected equipment (1908) Figure 9a is a cross section of a roasting 
furnace along AB Figure 9c is a longitudinal section along JY 

The broken ore, carrying 10 to 20 per cent antimony, is charged, mixed with 4 to 8 
per cent charcoal, into the roasting furnace a the bottom of which is formed by hori- 
zontal iron bars b The volatile antimony trioxide is deposited on condensation 
pipes c, m the condensing chambers d, under suction from the two fans h The last 
trace of the uncondensed oxide is caught by the water coming from the coke toner t, 
at the top of which are the water pipe j and the eeesan nater distributor k The 
roasting furnace is built partly of bricks, partly of cast metal The condensing 
chambers are of cast iron, and the coke lower of wood Fach condensing chamber is 
1 m long 



Fio 9 — Perfected Herrenschimdt volatilization and condensation apparatus 

With mme run ores, carrying 10 to 15 per cent antimony, 6 tons can be treated in 
24 hr , with a fuel consumption of 4 to 5 per cent gas coke or 6 to 7 per cent charcoal 
With ore contammg 18 to 20 per cent antimony, tons per 24 hr can be treated 
with a fuel burden of 5 to 6 per cent gas coke or 7 to 8 per cent charcoal Each unit 
ftnyjpjvii iour warJunno jonr 54 hr , sjfd Atss ^virp- rvqaror S hp 

Gas coke gives better results, if obtainable, but most of this antimony work is 
done in out-of-the-way places, where charcoal is cneaper 

The size of the ore treated is 1 to 4 cm Ore dust must he separated out, and, if 
present m large quantity, must be briquetted with 7 or 8 per cent clay into balls of 
proper size and charged along with the ore The workmg of the furnace proi,“ed3 
as follows 

A charge of old scoria is placed on the grates up to a height of about 10 cm above 
the uppermost bar, and wood and charcoal are put m to a height of another 10 cm 
As soon as the fuel is hghted and bunm^ freely, another charge of 300 kg of scona, 
mixed with 6 per cent charcoal, is put m Finally, when the furnace is up almost to 
full heat, an ore charge of 50 kg , mixed with 2 kg of charcoal, is put in, and this is 
continued until the furnace is full to within 30 cm from the mouth The same charge 
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’s repeated every 12 to 14 min., according to tire rate of revolution of the ventilating 
fans — which is 1200 to 1400 r.p.m. — and the scoria is discharged accordingly. 

The temperature of roasting, for trioxide production, should not be over 500°C. 
About 30 cu. m. of water per day are required for one apparatus. 

The loss of antimony in the Herrenschmidt apparatus is variable, approximating 
10 per cent; the skill of the laborer is all-important. By manipulation and spreading 
of ore and fuel so that the ore is thoroughly burned and the antimony contents fully 
volatilized, the percentage of fuel can at times be cut dorvn to about 3 per cent, and 
the yield of oxide can be increased to 95 per cent. 

The Wah Chang Mining & Smelting Co.’s plants in China, for several years the 
leading producers of antimony, used about 15 per cent charcoal on ore running 20 to 
35 per cent antimony ; if the charge consisted of hquation residue, the charcoal required 
amounted to 20 to 22 per cent for coarse and 24 per cent for fine. The scoria dis- 
charged from the shaft furnaces generally carried about 3.5 per cent antimony from 
ore charges, and 4 5 per cent antimony from the liquation residue charge. 



The FoUsain Furnace,' — In 1926, Friedr. Krupp-Grusonwerk A. G. patented the 
so-called Waelz process for the treatment of zinc, lead, cadmium, arsenic, antimony, 
bismuth, and tin ores. This process has been adopted by the Podnngi Consolidated 
Mines Ltd., in their antimony smelting work at Krupanj, Yugoslavia. In principle, 
the Waelz process is somewhat similar to the Follsain process. 

The Follsain furnace ag illustrated by the diagrammatic drawing (Fig. 10) is a 
revol ving iurnace. The preheating kiln is approximately 30 ft. long and 36 in. internal 
diameter, and the secondary or carbon combustion zone is about 7 or 8 ft. long by 6 or 
7 ft. diameter. The air for combustion is heated in an air heater to about 750°C. 
The waste gases carrjung the antimony trioxide fume leave the kiln at a temperature 
of 230 to 250°C. and are then passed to a Cottrell electric precipitation plant for the 
recovery of the antimony trioxide. Fuel consumption is 25 to 30 per cent of the 
weight of ore charged. Tower consumption is 5)4 to 6 kw.-hr. per ton of ore treated. 
For the treatment of, say, 20 tons of 20 per cent Sb ore per day, two revolving furnaces, 
as illustrated, are required. 

Antimony Smelting at Cortis Rosas (Ballao), Sardinia.' — It is interesting to note 
that in this smelter a converter has been adopted for the volatilization process. It 
seems that this converter is an adoption of the "convertisseur” apparatus patented 

' Private informitiori from rollsam Syndicate I-td, (London), 

’ Sul trattamento dci mincrali di antimonio in Sardegna, IndusHa, Vol. 32, pp. 437-438, July 31 , 
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by Collin* m France The con^erter is composed of two parts, as shown in Fig 11, 
the bottom part, which is hemispherical in shape and can be revolved horizontal!} 
on two bearings for the discharging of its contents, and the top part, which acts as a 
hood Compressed air enters from the bottom, while the volatile fume la drawn 
from the top of the hood by means of an aspirator 1 his method is spcciall} adaptable 
to the treatment of fine ore cspeciallv ore of a calcareous nature, which if treated in a 
shaft furnace would render the operation difficult and troublesome 



Tio 11 ^^ortis Rosaa converter 


The Blast Roaster * — The blast roaster as shown in Fig 12 is intended to be an 
lmp^o^ement of the usual shaft furnace for treating low grade antimonj ores It is 
in prmciple a modified form of water-seal gas producer emplo} ing mechanical charging 
and dischargmg devices The blower dcJixers air to an annular space or wmd box 
around the furnace, before entering the latter through the grate The coke consump- 
tion for the roasting proper w^U be lower than that for an ordmarj shaft furnace, as 
the air is preheated 

The blast toaster differs from the ordmat} shaft toasting furnace maml} m that 
it uses air under pressure instead of under suction Since the product of roasting 
IS volatile antimony tnoxide, it is obvious that an upward movement of air under 
pressure through the ore bed wmild be more positive m assistmg t olatihzation of the 
tnoxide besides furnishing the necessary orygen for chemical reactions It also uses a 
principle of blast roasting in its prc^ressive roastmg action through the ore bed, but 
it differs from the general practice of blast roastuig m that the sulphur content of the 
whole charge is low, only about 7 17 per cent (assuming 20 per cent Sb ore grade and 
10 per cent coke consumption) as agamst 12 to 14 per cent for lead and zinc ores in. 
blast roastmg, therefore there wall be no incipient fusion of the ore particles, which is 
an essential factor of the latter process Although it is like a gas producer in both 

I CoavertisseuT pour la separation des m4taiu fixes et voUtils dans Us nuo^raux complexes. Marcel 
Collin French patent 428708 Sept 6 1911 

* Private communication from C C Chao metallurcist of tl e National Resources Commisson* 
Chins 
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construction and operation, there will be no reducing effect because (1) the coke in the 
charge is isolated by the excessive gangue of ore and (3) the blast delivered will be 
more than sufficient for the theoretical roasting and combustion, thus ensuring an 
oxidizing atmosphere throughout the ore column. It also differs from the blast-fur- 
nace smelting in not slagging the gangue udth fluxes and in treating a low grade of ore. 
Thus there will be no self-reduction effect of stibnite. 
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Fig. 12. — Blast roaster. 


Other Processes for Preparation of the Trioxide. — There are perhaps a dozen 
processes for the preparation of the volatile trioxide, which at different periods, in 
France, Italy, and Germanj^, have had some prestige. In all of them, the principle 
of roasting, volatilizing, and condensation of the oxide is, of course, the same; differ- 
ences exist merely in the forms of furnaces, condensers, and methods of collecting 
the oxide. 

In the ChatUlon process, which has been employed on a large scale in France, the 
furnace consists of two double cupolas terminating in a common flue from which the 
volatilized o.xides are led to water-cooled condensing chambers made of sheet iron. 
The upper cupolas are charged with alternate layers of fuel and ore, and as the liquated 
sulphide melts and falls through to the lower cupola, it meets an upward current of 
hot air that converts it into the trioxide, SbsOj. Before leaving the plant the gases 
are reduced to a temperature of 100“C. and passed through a baghouse. The sub- 
limate obtained contains 98 to 99 per cent antimonj^ trioxide. 
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Th* Blast Furnace — The hlaat furnace can be operated as a producer of both 
antimonj tnoxide and metal at the same time Treatment of this subject mil be 
taken up under the next headms 

Pigment Tnoride — Tlie trioxide, as produced in the treatment of the ore bj the 
lolatihration process is Benerall^ impure and coar«D and hence is not suitable for 
pigment purposes although it maj be used as an opaeifj ing agent for n hite enamels 
Tlie following processes maj be adopted for the production of pigment tnoxidc 
Tlie process atloptrd bj the antimonj smelter at Costcrfield, \ ictona, Australia, 
was as follows ‘ "Tlic furnace was a small circular cupola with four tuj^res at the 
top of the hearth and two more admitting air to the top of the charge aboi e the feed 
door The condensing section of this plant consisted of a firebrick and red bnck 
ehamber a ciclone and baghouse with a centrifugal fan placed in the eircuit at the 
intake of the baghouse Tlie oxide with a small amount of reduction slag from the 
starring furnace was ehargcil into the furnace on a l>ed of burning coke where it soon 
lolatifizod The cooling of this oxide took 
place ten rapidlj so that it was depociled 
mosti) in the amorphous form as \ crj small 
spheres A small amount of cr> stalhneoxide 
was e1«o collected at the cyclone The bag- 
house product was the most suitable as a 
pigment on account of the fine state of din- 
Sion of the particles approximatelj 0 0035 
mm m diameter, and its spherical form and 
whiteness ” 

\ntonin Germot* proposes the following 
method of manufacturing antimonj tnoxidc 
A fumacc/tng 13) m masonrj, heated to 
the appropnato tempenture by anj known 
means, preference being given to elcctrieaf 
ri sistnnccs r reocii es an in\ erted bell 6 prondeil w ith one or more blow mg in tubes I 
winch open at the lower part of the furnace the orifices of the tubes being disposwl 
above the lower edge of the bell Tlie l>cH b dipping into the metallic bath a, thus 
forms A closed chamber d w Inch contains only the air or oxygen blow n in b> tubes I 
riio air oxidizes the molten metallic antimony to Sb-Oi in the state of clouds of 
impalpable jxiwder, which w discbargeil through the neck c and collects m any settling 
chambers fresh antimony m tumps w added to the bath from time to time 
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Antimony oxide pigment,* kno^vn in England under the trade name Timonox, is 
now manufactured in France by a patented process,^ by which metallic antimony ' 
obtained by dissociating the trisulphide at a high temperature, probably above 
1020°C., is subsequently oxidized to the trioxide. Traces of sulphur trioxide in 
the antimony oxide are removed by vigorous washing in lime water, agitated by 
compressed air. 

The main points of the process^ as patented by the Deutsche Schmelz-u.-Raffinior- 
werke A. G. for the manufacture of antimony oxide for pigment purposes are: (1) 
the air for oxidizing the metal is diluted by nitrogen, carbon dioxide, combustion 
gases, principally by exhaust gases; (2) the antimony used is directly heated by burn- 
ing gas which plays on the surface of the metal; (3) the oxygen content of the flame is 
so adjusted that the antimony oxide obtained is amorphous; (4) the temperature of 
the antimony bath must be brought to about 1000°C. 



Methods for the Production of Metallic Antimony. — ^Tlie last phase in the metal- 
lurgy of antimony is the production and refining of metallic antimony. Unrefined 
antimony metal is sometimes called crude antimony, but the metal is never marketed 
in this form; the name would bo confused with liquated sulphide which is commonly 
called crude antimony, or more correctly antimony crudum. Antimony metal may 
be obtained from (1) the oxides (trioxide or totroxide), (2) from antimony crudum, 
or (3) by direct smelting of antimony ores. Of these methods, the bulk of the world's 
antimonj% up to the present time, has been produced by the first two mentioned. 

The direct smelting of metal from its ores was receiving a great deal of attention, 
however, in the United States (San Pedro), Mexico (Wadle}’’)) and England during 
the period just preceding 1918, and in earlier years at Ban 3 ’a in Bohemia, and some 
ver\' successful results were being achieved. It is not overstating the case to saj" 
that the operators of the blast furnaces engaged in this direct smelting had, prior to 
the great metal depression, already accomplished such progress in the normal blast- 
furnace reduction of antimony ores as to indicate the possibility of a complete recon- 
struction of the practice of antimony metallurgy. In fact, at the present time, at 
the Laredo plant in Texas,, at a plant near Mexico City, Mexico, and at a plant in 
France, blast-furnace practice is adopted. It is well demonstrated that the blast 
furnace is the best appliance for a certain class of antimony ores— those containing 

' Chem. Trade Jour., Vol. S3, pp. 337-33S. 363-364, Oct. 19, 20, 1928. 

-Metall u. Er:., Vol. 29, pp. lOS-113, Iil.irch. 1932. 

•British patent 345034, Mar. 19, 1931, 
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about 23 to 10 per cent of metij Tfie«e are too high to be best suitecl for roasting 
and are yet too poor for liquMion or direct precipitation smelting, and for tlicir 
treatment, as ticII as for h\-products of the same richness, the blast furnace offeis 
undouhtcdlj the best method 

Lnder the methods that ha\e^ m general, so far pres ailed, reduction of the osides 
is earned out either m re\ erberatorj fumacea, m wntcr jacketed or blast furnaces, or 
in crucibles In reducing the o^idc, care must be t^ken to control \olatilization and 
to keep an} unaltered sulphide out of the mass of tnetal A fusible slag is utilized 
which forms a cover preventing volatilization and tvhich also dissolves any metallic 
sulphides left This slag, composed of soda, potash, and Glauber's salt, acts as a 
refining agent, cam mg off most of the impurities that may be m the ovides On 
ores earn mg low percentages of antimony, the volatilization and reduction proces«es 
arc used because the) arc considered to be the cheapest of all methods and produce 
a ver) pure metal 


A 
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are charged into the furnace, about 40 lb. every 16 or 20 min. The charge is then well 
stirred, and the scum produced is drama off. After the last charge has been put in, 
the temperature of the furnace is raised and kept up until the process is completed. 
During the smelting, the charcoal acts as a reducing agent, robbing the antimony ot 
its o.xygen, while part of the soda combines with the sulphur, and the remainder helps 
to form a slag with the gangue. Any other metals present are carried into the slag 



Fio. 16. — Section of reduction reverberatorj'. 

as sulphides by the action of the sulphide of soda which is produced through the 
reduction of the Glauber's salt by the charcoal. Common salt serves the same pur- 
pose by carrying foreign metals into the slag as chlorides. 

The fuel consumption is somewhere between 5 and 6 cwt. per charge, and the loss 
is usually about 14 to 15 per cent. When considerable antimony sulphide is present, 
a little iron or iron slag may be added to assist in reducing the sulphide. When the 
smelting is complete, the metal is drawn off into molds through a tapping hole, and 



during the cooling in the mold, care must be taken to have it completely covered over 
with slag. When the metal solidifies, the slag is knocked off by hammering. 

The charge is thoroughly rabbled after about 6 hr. in the furnace, and the metal 
separates out from the slag which is skimmed out, and is soon ready for tapping into 
molds. The “starring” of the regulus is done in the mold. A purifymg mixture, 
composed of 6 parts of carbonate of soda and 4 parts of antimony trio.xide, is melted 
don n in a small chamber at one end of the reverberatory furnace or in the furnace 
itself after the slag is skimmed away. Tt hen the metal is ready to be tapped, some 
of this molten mixture is poured into the molds to be used. The regulus is then run 
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into these molds, and the purifjjng mixture, being lighter, immediately comes to the 
top, forming a cover over the rcgulus When the metal solidifies, any of the mixture 
remaining on top is removed by hammennp 

Reduction of Oxides m Water-jacketed Blast Furnace — In California and 
Mexico, blast furnace smelting of antimony ores has been brought to a high degree 
of efficiency The manipulation of the furnace anil charge has much m common with 
the ordmary practice of the lead blast furnace 

Roasted ore, briquetted flue dust and oxides, and smaller amounts of unroasted 
stibnite, together w ith siLceous waste for slag forming material, make up the charge 
Recovery of antimony runs 95 to 98 per cent, slags carrymg about 1 per cent, some- 
times runmng as Ion as 0 25 per cent, of antimony 

The Cookson plant, at Wadley, Mexico, handled ores of a refractory nature and 
of comparatuely low grade The antimony content varied from 25 to 40 per cent 
The ores at Wadley were, in the main, oxidized, between 80 and 90 per cent of the 
antimony being present as oxide, the remainder being sulphide The gangue was 
fciliccQUs and calcareous On account of the refractory nature of the ores and their 
oxidized condition, the comparativelj simple methods of smelting adopted in China 
were not satisfactory nor could the usual Lnglish methods be employed They have, 
however, proved amenable to blast*furnaee treatment The plant was somewhat 
elaborate and costly, in comparison with the reverberatory methods, but excellent 
smelting results w ere obtained The plant was seldom in operation with antimony 
below 12 cents per lb , c i f New York 

The ores, after rough concenlration, were smelted m rectangular watcr>jackcted 
blast furnaces, similar to those employed m smelting lead ores Limestone and iron 
ore were used as fluxes and coke as the reducing agent The blast furnaces were 
Bome 2S ft high, 5 X 3 ft hearth area, and were blown by compressors dehvermg air 
at a pressure of 2 to 3 in of mercury A forebearth was provided to separate the 
metal from the slag Owing to the high temperature attamed m the blast furnace, 
and to the volatility of antimony, very efficient baghouses were necessary to deal with 
the fume earned over in the blast-furnace gases The fume was briquetted and 
worked off with the ore m the blast furnaces By runnmg a highly sihceoua slag, 
the antimony content of the slag was kept down to about 1 per cent 

The antimony obtained as above, generally termed “singles," contamed 5 to 
7 per cent uon and 1 to 2 per cent sulphur Deleterious impurities w ere practically 
absent, as the ores, apart from their low grade, w^ere verj pure 

The iron and sulphur in the singles were removed by submittmg the metal to the 
“doublmg” process, which consisted of a combination of Lquation and fusion under 
alkabne fluxes m reverberatorj furnaces The resulting "doubles" were further 
refined and starred by Cookson & Co 's special starring process, the resultmg “Star" 
antimony being of high quality and guaranteed 99 6 pe- cent purity 

Reduction of Oxides m Crucibles — ^Thia method of reduction is now seldom used 
The use of crucibles and pot furnaces precludes the working of large charges Fuel 
consumption is high, and each pot has a life of only sc\ en or eight charges 

Extraction of Metal from Crude — ^Antimony crude or antimonj “needle" is 
frequently marketed and used for various purposes such as for vnilcaniring rubber, 
matchmaking, and for ammunition manufacture As the market for crude is limited, 
it is necessary to convert the greater part of it into antimony rcgulus This may be 
done in one of two different w aj s (1) conversion of the sulphide into antimony oxides, 
and then reducing the oxides in reverberatorj furnaces, (2) direct smelting of the 
sulphide to metal, iron being added as the reducing agent 

Enghsh Precipitation Method — la China, the English precipitation has been 
found too inconvenient snd costly to compete successfully with the oxidizmg methods. 
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and the latter have become the accepted mode of treatment for crude in that field. 
In England, Hungary, Japan, and Mexico, however, the precipitation method remains 
in vogue, rich ore or antimony crudum being directly reduced to metal by crucible 
fusion with metalhc iron. The fundamental principle involved in this method is 
the greater affinity of sulphur for iron than for antimony. In the precipitation process, 
iron is used to decompose the sulphide of antimony to give sulphide of iron and 
antimony as in the equation 


SbjSj + Pea = 2Sb + 3FeS 

Iron sulphide is formed, even at a comparatively low temperature, the antimony 
being separated out in the metallic state. The high specific gravity of the iron 
sulphide makes it difficult to separate the antimony from the iron sulphide, and it is 
necessary to add sodium sulphate and carbon in order to produce sodium sulphide, 
which, combining with the iron sulphide, forms a fusible matte of low specific gravity. 
In England, instead of sodium sulphate and carbon, common salt is used. The iron 
is usually added in the form of turnings, shavings, or tin-plate cuttings. The propor- 
tion of iron must be carefully controlled, for if sulphides of lead and arsenic are present, 
they udll be reduced by any excess of iron not taken up by the stibnite and will 
enter into the antimony metal as impurities. 

It is found in practice that the theoretical amount of iron required for desulphuriz- 
ing the stibnite is not sufficient, owing to the fact that part of the iron is taken up in 
decomposing the sodium sulphate. 

Losses of antimony in the precipitation method occur from both volatilization and 
slagging, running 10 per cent, or over. Ordinarily, the process is carried out in 
crucible furnaces. Shaft and reverberatory furnaces are used in some cases, but the 
metal losses are much greater in the latter furnaces. 

The English process proceeds as follows: The stibnite is reduced by metallic iron 
in crucibles in a long reverberatorj' furnace. Dimensions of the furnace are: length, 
54 ft.; width (inside), 7 ft. 4 in. The bed is covered by a low arch which springs 
almost from the surface of the ground, the bed itself being below ground level. It is 
heated by a fireplace at each end, a common flue taking off from the middle of the 
furnace floor. The sides and roof of the furnace are covered with cast-iron plates. 

The crucibles are lowered into place through 14-in. circular holes in the arch, 
42 holes (21 on each side) being provided. The pair of crucibles nearest the fireplaces 
at each end is kept for “starring," or refining, the crude metal. Each crucible takes 
a charge of ore (hazelnut size), 42 lb.; iron, 16 Ib.; common salt, 41b.; skimmings (from 
the doubling operation), or slag from previous smelting, 1 lb. 

Tinned scrap is preferred; for insertion into the crucible it is pounded into a round 
ball, large enough to fit the top of the crucible. The balance of the iron required is 
in the form of turnings or borings, which arc mixed with the ore, together with the 
salt. The mixture is dropped into the crucible through a funnel; the furnace hole is 
then closed for half an hour, when the cnicible is examined. The salt used assists 
the separation of the slag and tends to promote the fusion of the siliceous material. 
On an average, four meltings arc made in each crucible per 12 hr.; the richer the ore, 
the shorter is the time required. 

The crucibles arc made of a mixture of graphite and fire clay and are generally 
20 in. high and 11 in. across the mouth. The crucible, dry, weighs 42 lb., of which 
approximately 36 lln is fire clay and 6 lb. graphite. 

A mold, conical in shape, is placed opposite each crucible. The metal obtained 
is known as “singles,” and contains about 91.6 per cent antimony, 7.3 per cent iron, 
0.8 per cent sulphur, and 0.3 per cent insoluble matter. 
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The singles are ne-^t purified by fusion -nitli a small amount of bquated sulphide of 
antimony, to remove the iron remainmg m the metal The charge for this second, or 
“doubling,” process is singles (broken small), 84 Ib , antimony crude, 7 lb , salt, 4 lb 

The fused mass is stirred occasionally with an iron rod, the time required for one 
charge bemg about IH hr When fusion is complete, the slag and matte are ladled 
oS with an iron spoon and the contents of the crucible poured into the molds used in 
the previous fusion, the matte and skimmings are added to subsequent ore smeltings 
The metal thus obtained is known as “star bowls,” and contams 99 0 to 99 63 per 
cent antimony, 0 18 per cent iron, and 0 16 per cent sulphur * 

The effectiveness of this second liquation can be understood when it is remembered 
that in such an alloy of antimony and iron intermetalhc compounds are present One 
of these with the chemical formula Fe»Sbi, has a freezing pomt of 1016*C , and another 
(FeSbj), which forms from FejSb» and liquid, crystallizes out at 730®C The melting 
pomt of pure antimony is eSO^C Hence, m the heating up of this alloy, the antimony 
first melts and the antimony iron compounds tend to separate and rise to the surface 
These arc then ‘ taken up” by the slag and removed from the bath of metal under 
purification 

The presence of sulphur, due to the eitcess of crude used, is indicated by the crystal 
line pattern that forms on the surface of the metal being covered with small glistening 
patches, the latter bemg known as “flouring” In order to remove this sulphur, 
another fusion is necessary 

Stamng — The custom of the trade is to demand antimony that is “starred,” or 
crystallized, on the upper surface and it is at this stage that this “star” is obtamed 
These two results are accomplished by melting the metal with what is known as the 
“antimony flux,” a substance that is often difficult to obtain, in proper composition, 
at first This flux is prepared by rule^f-thumb method, about as follows 8 parts of 
ordinary potash are melted in a crucible, and 2 parts of ground liquated sulphide are 
mixed in ^Vhen fusion has become quiet, the mixture is poured out and tried on a 
small scale to find out whether it yields a good star If the star is satisfactory, the 
ingot of metal obtained is then broken and the metal examined m order to determme 
whether it is free from sulphur If, however, a good star is not obtamed, the flux is 
remelted, and more of one ingredient or the other is added as experience dictates 

The first of these operations of the precipitation process — smelting the crude with 
iron — IS called “singling,” the second operation — resmelting the singles for the produc 
tion of the bowl metal— is called “doubbng," and the last operation is called “refin- 
ing,” or “frcnching " 

Direct Extraction of Metal from Ore or Crude — (Reverberatory Bath Furnaces) 
Several patents have been taken out (Sanderson, Cookson, Herrenschmidt) on the 
direct smelting of antimonj sulphide in a bath of ferrous sulphide, on the hearth of a 
reverberator> furnace This method has given good results but has had no wide 
adoption commercially After the hot ore has been charged into the reverberatory 
and thoroughly rabbled, iron is added together with a certain amount of soda ash, the 
temperature raised, and, when decomposition of stibnite by iron is complete, the 
antimonj metal is tapped The taphole is closed as soon as the iron sulphide appears 
Slag is drawn through the working doom and ns the iron sulphide increases during the 
operation it is removed until the bath is reduced to its original depth 

At a smelter m Maj enne, France,* using a reverberatory furnace with a bed 10 ft 
long by 4 ft w ide, the charge made up everj 3 hr was as follows 

* la Jopan at the Soijo Smeltery the Star Bowl metal earned 97 to 98 per cent Sb J 5 per cent Fe 
and 0 7 to 0 8 per cent S 

'Gowund The Metallurgy ot Non ferro b MeUb ’ reviaed by C D Bannister 4th ed 193# 
pp 570-576 
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Rich ore (50 to 60 per cent Sb) 

Worked ore fines (about 45 per cent Sb) 

Slag from second or refining fusion (about 20 per cent Sb) 

Sodium carbonate 

Scrap iron 


Pounds 
. 992 
. 330 
. 44 

. 44 

. 529 


At the Wilhelmsberg Works, in Germany, reverberatory furnaces fired with gas 
were adopted for the smelting of the crude. The first smelting was done in a furnace 
having an elliptical hearth whose area was 300 X 500 cm. The charge was made up 
of 3000 kg. of crude and 1000 to 2000 kg. of iron, soda, salt, slag, and charcoal or 
anthracite. The use of powdered charcoal or anthracite was to prevent the excessive 
loss of antimony due to volatilization. The time required for the smelting was 5 to 6 
hr., and the consumption of coal was 525 kg, per ton of the crude charged. The 
crude metal contained on an average 3.5 per cent Fe. The average result was Sb in 
the raw metal, 86 to 88 per cent; Sb in the slag, 8 to 10 per cent; loss due to volatiliza- 
tion, 4 to 6 per cent. This metal was refined in another reverberatory furnace, having 
a hearth area of 150 X 250 cm. The charge was made up of 1500 kg. of raw metal, 
plus soda, charcoal or anthracite, old refinery slag or couverture slag. Time required 
was H to M hr., and the coal required was 400 kg. per ton of regulus produced. 
Average loss was 6.5 per cent, counting the antimony content of metal in the raw 
metal as well as that of the slag and couverture charged. 

Water-jacket Blast-furnace Smelting. — The blast-furnace smelting of antimony 
ores, both sulphide and oxide, is entirely feasible and will undoubtedly come into more 
common use as the industry advances. Already, in Mexico, California, and England, 
successful blast-furnace smelting has been under way for several years, proceeding 
along lines only slightly modified from regular lead-smelting practice. 

The operators of these blast-furnace plants are most enthusiastic regarding the 
advantages and ultimate general adoption of this method, asserting confidently that 
the first page of antimony metallurgy has hardly been written and that the blasts 
furnace process will extensively replace the old existing methods in the industry. 
That this may come about in Europe, Mexico, and America there is little question. 
Under existing ownerships and conditions in China, however, it is extremely improb- 
able that any reshaping of the industry will take place. 

iVttempts to smelt unroasted stibnite ores in water-jacketed blast furnaees did not 
come to any successful result until recent years, and published information on the 
subject is exceedingly meager. There is a marked difference in the behardor of 
stibnite and that of other metallic sulpirides in the blast furnace. It has been found 
best to add no metallic iron to the charge and to regulate the coke so as to preclude 
any reduction of ferrous oxide in the flux. No iron available for matte is provided, and 
matte is usually absent. Any addition, or presence, of metallic iron will always result 
in the production of an antimony-iron alloy — speiss. 

It is usually found that the contents of the furnace crucible gradually freeze from 
the bottom upward, and the entire crucible is eventually a solid mass. It is fre- 
quently the practice to fill the crucible with firebrick and separate the mixed flow of 
slag and metal in a shallow reverberatory forehearth. 

While the blast-furnace smelting of stibnite has not enjoyed the long industrial 
history of the volatilization and English precipitation methods, it is to be stated that 
the best conditions for the process appear to be less than 10 per cent of coke, low blast 
pressure, low metal content of the charge (about 10 per cent), high smelting column 
(over 15 ft.), and separation of slag and metal in a heated forehearth. In an efficient 
plant, the great bulk of the volatilized material is recovered in baghouses, but it is, of 
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course, undesu-able to have to re treat a large amount of fine material unsuitable lor 
blast furnace work The flue dust is best treated m a reverberatory, while the fume 
IS useful in refining or it may be used as raw material for the manufacture of antimony 
compounds 

The blast-furnace process does not appear to be adapted for the treatment of 
high grade stibnite ore I^oss by volatilization is common to all forms of antimony 
smelting, and in this respect the blast lurnace is far worse than the reverberatoiy , 
n here a laj er of flux or slag protects the metal With low grade material, however, 
which It IS difficult or wasteful to treat by other methods, the blast furnace offers 
decided advantages t e , where large quantities of poor ores, foul slags, mattes, or 
liquation residues have to be worked up It is a favored mode of smelling for all 
materials containing about to 40 per cent antimony, which can be mixed with 
fluxes to give a charge sufficiently poor m metal to bold down volatilization 

It IS pomted out by Schoeller* that the production of antimony from stibmte in 
the blast furnace is an oxidizing process in which the metal is formed m tiio stages 
that proceed simultaneously (1) the molten stibmte absorbs oxygen from the blast 
(2) the oxide at once reacts with the unaltered sulphide (roast reaction process) 
to form metal and sulphur dioxide, thus 

2Sb,S, + 90, - 2Sb,0, + 6SO, 

2Sb,0, + SbiS, » + SSO, 

In endorsing this theory of the blast furnace process, it is realized that it has been 
a commonly held belief that antimony sulphide and tnoxide do sot react on each 
other as do the correspondmg lead and copper compounds, but that the antimony 
compounds fuse together to an antimony glass The latter reaction occurs, 
without queation if the oxide^sulphide mixture is fused m a crucible under a lavei 
of salt, but if stibmte is roasted with insufficient access of air, some oxide mil bo 
{oimed which will react with the unaltered sulphide, part of the antimony settling 
out in a metallic state The roasUrcaction process does, therefore, have a part in 
the emcUuig of antimony It appears in some degree as well, m the process of 
liquation, the metallurgical operation carried on on a large scale in Chma for the 
concentration by fire of antimony sulphide ores Examination of this crude diir- 
closes the fact that it is not pure antimony sulphide, but a complex solid solution 
containing oxide and free metal The molten sulphide in trickling down from the 
upper pot absorbs oxygen from the air nsmg from the crude already collected, which 
partly converts it to tnoxide This reacts with more sulphide to form metal and SOi, 
which latter is carried away bj the draft, allowing the reaction to proceed Once 
the material has collected in the lower pot the reaction la arrested on account of the 
t-wripftsavVcBe vuL the veoSi woifbrce vxpusiA is Vnus proi ed 'tba’i mo’Avn 
nntunonj sulphide by itself, m an air current, is partly converted into antimony , and 
the product also contains the tnoxide 

The Mace Blast Furnace The Msec blast furnace « a distinct improvement 
on ihe usual type of blast furnace for antimony smelting The mam variations from 
the old type blast furnace are (1) diametncally opposed rectangular tuydres below 
the shaft of the furnace in place of the circular tuyeres spaced at regular mtervals 
in the low er part of the water jackets, and (2) a remoi able crucible in place of a solid 
crucible built on the ground There are several advantages m the use of the rec 
tftngular tuyeres which extend the full length of the furnace on both sides The 

I Blast-furnaM Smelting of SUbnite witb ConsiderstioD on the Metallurgy of Antimony Tram /nit 
Minina Vi< (London) VoU 27 pp 237 287 1917 1918 

‘Fnvate oommuDicalioD from E C Mace 
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■whole hearth area is active, and the dead spaces that exist between the tuyeres of the 
older tj^pe furnaces are eliminated. This gives a uniform and intense combustion 
over the entire hearth. 

On account of the open tuyere, the Mace furnace uses lower blast pressure (as 
low as 4 oz. per sq. in.) which is an important feature in continuous operation of the 
smaller units. The tuySres are so constructed that the opening into the furnace 
hearth can be adjusted. Tor oxidization and volatilization smelting, the slot is left 
wide open so that a large volume of air under low pressure can be admitted. For 
reduction smelting, the slot is narrowed. Another advantage of the open tusmre is 
that anj^ accretions can be removed from the furnace by drawing them into the wind 
box with the hook instead of punching the dead material back into the furnace as is 
necessary with the circular tuyeres. The advantages of the removable crucible are 
evident. 

The antimony plant set up recently near Mexico City, Mexico, has a Mace furnace 
in operation. The ore treated is an oxide ore, containing a small amount of stibnite, 
ha'ving the following composition; Sb, 36.0; SiOo, 48.0; S, 5.0; Fe, 1.05; AI2O3, 0.6,' 
CaO, 2.0; MgO, 1.4 per cent. 

The gangue is principally silica, running from 45 to 52 per cent, and the antimony 
runs from 35 to 38 per cent. Limestone and hematite arc used for flux in the blast 
furnace to slag the silica, and the furnace charge is about 50 per cent ore and 50 per 
cent flux with 15 per cent of the weight of the charge coke. The furnace is run with 
a low column and a hot top to volatilize the maximum amount of the antimony. A 
small amount of antimony single metal, assaying 91 per cent antimony and 9 per cent 
iron, is produced, but no matte. The baghouse oxide assays 81.6 per cent antimony, 
and apparently the only impurity in it is a small amount of carbon dust from the coke. 
The baghouse oxide is mixed with 15 per cent fine charcoal and 6 per cent soda ash 
and is reduced in a reverberatory furnace to metal. The capacity of the furnace is 
30 tons of charge in 24 lir. 

Blast-furnace Smelting for Antimonieil Lead, — The International Lead Refining 
Co.i treated antimony sulphide ore (25 to 60 per cent Sb, 6 to 45 per cent SiOa) and 
antimony oxide ore (20 to 40 per cent Sb, 10 to 45 per cent SiOj) in a blast furnace, in 
which were added the secondarj'^ materials, such as battery plates, battery mud, lead 
oxide, paint and other refinery skins, to furnish the lead required for marketable 
antimonial lead. The blast-furnace equipment consisted of two five-tuyere 42-in. 
round furnaces, connected by a flue to the baghouse. On account of the high zinc 
and arsenic content in lead refinery by-products, a slag of the composition SiOz, 26 per 
cent; FeO, 40 per cent; CaO and ZnO, 20 to 24 per cent, was maintained. An average 
analysis of slag for 6 months showed that it contained Sb, 0.6 per cent and Pb, 2.36 per 
cent. The actual blast-furnace loss amounted to 2.4 per cent Sb and 1.50 per cent Pb. 
The furnace charge varied from 2500 to 3000 lb. with 13 per cent coke. Blast pressure 
was maintained at 10 to 12 oz. The two furnaces smelted 60 to 90 tons of lead and 
antimonial material per day, producing 30 to 35 tons of antimonial lead of the following 
composition; Sb, 13 per cent; Cu, 0.15 per cent; As 0.75, per cent; Pb, 86.1 per cent, 

Antimonial Lead. — One example of production in the United States is at the 
Pittsburgh Plant of Federated Metals Co., where a circular blast furnace 42 in. dianw 
oter at the tuyeres, with 10-ft. water jackets, treats approximately 100 tons per day 
of smelting .stock made up of antimony-bearing lead battery plates and lugs (carrying 
09 to 92 per cent Pb and about 4 per cent Sb), antimony ore, returned slag, limerock, 
S.O per cent coke, and 4 to 5 per cent scrap iron. Blast pressure is 24 oz. The anti' 
monj’ ore used has about 40 per cent Sb, 1 per cent Pb, and the antimony recovery 
is about 85 per cent of the total antimony smelted. The products are approximately 

' Htjist, Tceallns. A.v\UtaQay Ores, Ctiem. Jc Met. Eti®., Vot. 21, p. '<27, IQIO. 
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71 per cent antimonial lead metal (cmtj mg 88 4 per cent Pb, 11 3 per cent Sb), 17 per 
cent discard slag, 2 Z per cent matte, and 10 per cent fume and dust 

Converters —Sulphide ore of antunony can be smelted in a converter into which 
air IS blown, but this is not a method m practical use The air bums part of the 
sulphur of the ore, with the production of sulphurous acid and the metal itself Anti 
mony sulphide fumes are formed also, and these, if acted upon by a current of air, 
give antimony oxide 

The Hodson-Wang Process of Antimony Smelting — An interesting combmation 
of accepted methods of ore reduction is found in the Hodson-Waiig continuous “flash” 
process,* which process utilizes the heat of the reduction reaction and also permits 



removal of all gangue from the ore during roasting treatment Pulverized ore is 
generally used although one adaptation of the process js designed for use of lump ore 
TW ‘W't vs, I'iftsft.vlA w, vu vsA.vi’ialli} ■vuiVjto^ to ^iotwtoAb,’i Vy 

waste gases from the reduction furnace Antimony m the ore is earned off to the 
mam reduction chamber as tnoxide gas and aU gangue matter drops to the bottom 
of the first chamber The volatile trioxide formed is injected directly into a vertical 
shaft furnace with gaseous media (or with preheated air and carbon), and the mixture 
of reducing gas and oxide particles is kept in violently turbulent motion by a sudden 
reversal of direction This agitation in the reducing gas promotes speed of reaction 
and prevents formation of an envelope of nonreducing gas around the oxide particles 
The reduced metal, in fine liquid form iscollectedinalowerchambcr ^ ith arsenical 
ores, usuallj sulphide, the arsenic forma volatile ar=euic tnoxide m the first, roasting 
chamber together with the nntimonj tnoxide It will be reduced along with anti- 

1{U8 pstent 2205039 Kept 8 1942 > Granted in tk* United Statea Canada Mei co and Bolivia 
appL«d form Italy Japan Germany Braal Bdgiam 
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mony in the second chamber. However, as arsenic sublimes at a temperature of 
615°C. and the reduction furnace is kept at about 800°, the antimony condenses out 
as a liquid, while arsenic remains a vapor and can be carried oS with the gases for 
subsequent collection. 

By-products of Antimony Smelting. — ^The by-products produced in the foregoing 
processes include liquation residues, matte, slags, and flue dust. The slags obtained 
from the extraction by the roasting and reduction method consist principally of 
silicates; those from the precipitation method, sihcates and sulphides. They are 
thrown away if not sufficiently rich to be used in the first smelting of the ores. The 
other by-products are all added to the charges in smelting the ores, the liquation dross 
being first roasted. The flue dust is intimately mixed with soda ash, before smelting. 
Liquation residues are also sometimes treated separately in shaft furnaces. 

The extraction by wet methods of antimony from its ores has had much attention in 
European centers, but it is still a matter of academic discussion, rather than practical 
application. Solution of stibnite is readily effected in sodium sulphide, sodium 
hydro.xide, or calcium sulphide, and from such solutions antimony sulphide is pre- 
cipitated by carbon dioxide or sulphurous acid. There is little evidence, however, 
that commercial recovery of antimony from its ores by wet methods has come about. 

It is recognized that in the treatment of ores containing a mixture of the sulphides 
of antimony and lead, it would be difficult to separate the two metals. The study of 
Wagenmann"^ establishes the fact that in order to separate the lead sulphide from such 
a mi.xture by a solution of NazS, the two sulphides present in the mixture must satisfy 
the chemical formula 2 PbS.Sb 2 S 3 or PbzSbjSs so that the reaction PbzSbzSs -p flNazS 
= NajSbzSs + 2PbS would take place. In other words, when the SbzSs in the 
mixture is less than 41 per cent, enough SbzSs must be melted with the mixture in 
order to bring it up to 41 per cent. 

Electrolytic Extraction of Antimony. — The supply of antimony for the world’s 
needs to date has come almost entirely through the application of dry methods. 
Poor antimony ores either have not been used in the past, or have been subjected 
to a volatilizing roast, with subsequent reduction of the trioxide, usually in rever- 
beratory furnaces. This is, however, a somewhat laborious metallurgical operation, 
and the application of electrolytic methods as a means of extraction from poor ores 
has long been desired. 

During the high-price jmars, a small electrolytic production occurred, the solvent 
being a 6 per cent sodium hj^droxide solution, which gives an extraction withoiit 
serious contamination with other metals. 

This solution, electrolyzed, deposits antimony of a veiy high purity, but in ordinary 
times the deposition of the antimony and the necessary regeneration of the electrolyte 
are too costly to make the process commercial. The chief difficulty is a troublesome 
accumulation of thiosulphate at the anode, w'hich blocks the commercial success of the 
electrolj’tic process. 

MTren the solution is electrolyzed, the reaction at the cathode seems to be 
NusSbS, -P 3H = Sb + 3NaSH 

while at the anode, sodium thiosulphate and NazSs are formed by oxidation. The 
0 per cent NaOH solution holds about 3 per cent antimony at first, but as thiosulphate 
accumulates, the solvent power decreases until there has accumulated one atom of 
sulphur for each atom of sodium present, when the solvent power has dropped to 
about 0.7 per cent. When this amount of sulphur has gone into solution, the iron 
anode commences to be attacked and falls to pieces rapidly. A practical insoluble 

' BoncHERs, Zinn, Wismut, Antimon, “MetalHmttenbetricbe,” Vol. 4 pp. 134-136, AV. Knapp, 
Halle, 1921. 
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anode has not been found The continuance of the process bej ond the point at which 
the sulphur m solution commencestobeinalai^cratomic percentage than the sodium 
requires the regeneration of the solution, or furnishing a new one If a new solution 

13 applied, It means the consumption of 1 Ib of NaOH per pound of antimony 

The best naj to handle this situation seems to be the proposal by Demorest to 
evaporate the solution to drjTieBS with exhaust steam, roast the residua in a reverbera- 
tory furnace to get nd of about half the sulphur, thus changing the thiosulphate to 
sulphate, then muc with coal and heat until it has all been reduced to NajS, which 
quichlj dissolves stibnite and can be put mto the circuit again Small-scale espen- 
ment shows this to be successful, but it has not been tried on a large scale 

J Koster and M B Roj er‘ have developed a novel electrolytic process for the 
treatment of antimonial gold concentrates from ores found in the Yellow Pine Mme at 
Stibnite, Idaho, of the following composition Au, 1 66oz per ton, Ag, 6 34oz perton, 
Sb, 15 6 per cent As, 5 5 per cent Fe, 19 I per cent, S, 25 0 per cent This concen- 
trate was first smelted with iron and soda ash in the proportion of 4 1 1, the crude 
metal obtamed, to be cast into anodes, had this composition Au, 8 4 oz per ton, Ag, 

14 6 oz per ton, Sb, 60 7 per cent, As, 7 5 per cent, Fe, 27 4 per cent, S, 5 9 per cent 

“The eleetroljte was prepared either by solution of antimony jnetel in sulphuric 

acid, evaporatmg to fumes of SO>, and solution of the wlute pasty mass in concen- 
trated hydiofluonc acid, or solution of antHuony oxide in concentrated hydrofluoric 
acid, filtering undissolved matter, adding concentrated acid, and diluting to 80 g Sb 
and 500 g sulphuric acid per liter ” 

The crude metal from the smelting operation was cast into anodes in vertical 
molds 4 X 7 X ^ in The cathodes were of Ifi-gauge sheet copper and were in. 
longer and ^ m wider than the anode The roost satisfactory current density was 
found at 6 amp per sq ft Current efficiency was found to be 99 to 100 per cent. 

The cathode metal was found to have the following analysis Au, trace, Ag, 1 1 to 
I 5 oz per ton Sb, 91 to 90 per cent, As, 3 to 7 per cent, Fe, 0 2 to 0 4 per cent, S, 
0 06 to 0 09 per cent This cathode metal, after purification by fusion with slag 
consisting of equal parts of NaOH NaCl, Na,CO», and NaNOj, followed by a starring 
fusion with 3 parts KiCOj and 2 parts SbtSj, was found to have an anaijsia of Sb, 
99 73 per cent, As, 0 19 per cent, Fc, 006 per cent, S, 0 02 per cent The anode 
slime, containing most of the precious metals, was found to have an analysis of Au, 
70 to 133 os per ton (80 to 94 per cent recovetj), Ag, 114 to 237 oz petton(30to 
48 per cent recovery), Sb, 4 to 8 percent. As, G to 24 per cent, Fe, 35 to 45 per cent, S, 
14 to 28 per cent The matte from the precious smelting contained, upon analysis 
Au,026oz per ton (7 per cent recovery), Ag, 5 9 oz per ton (50 per cent recovery), 
Sb, 3 1 per cent (11 per cent recovery). As, 0 8 per cent, Fe, 52 6 per cent, S, 32 1 per 
cent The recovery of antimony was fnmuLtnl^. 81 Vi 90 par aen.titr'jOT.'Mjnnftn.ijtafA 
to marketable metal 

Electrolytic Antimony.’ — At the Bunker Hill and Sullivan Mining &. Cbncsntratmg 
Co , Idaho, tetrahednte, SCuiS SbiS*, concentrates mixed w ith NajCO,, NajSO,, and 
coal are fed to a three-electrode electric furnace Chirrent, at 50 to 110 volts, flowing 
from electrode to furnace waU, the charge scrvnng as the resistance, yields a melt 
temperature of about 2300°F Matte is tapped from the furnace, cooled, and crushed 
to pass 80 mesh The ground matte is leached with sodium, sulphide solution at 
140®F. to form the electrol}^e Undissolved pulp i3 crushed and tabled to yield a 
concentrate of Sb-Bi-Ag alloy and a tailmg contaimng 25 to 30 per cent Cu and 1 per 
cent Sb, the latter bemg added to the copper smelter charge From the electrolj te 

I Electrolytic Recovery of Antimony from Antimotual Gold Ores U. S Bur MinetRepl Intetlifo- 
tKn 3101. February, 1910 

> Mtntng World VoU 4, No 6, pp 3-9, 1M2 
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containing the thioantimonate, Na 3 SbS 4 , antimony is deposited on sheet steel cathodes, 
the anodes being sheet lead. The anodes are in a compartment formed of heavy sail 
cloth as a diaphragm. There is no material corrosion of either electrode at operating 
current density of 20 amp. per sq. ft. Cathodes are stripped of their antimony each 
6 days. Spent electrolyte containing about 2 to 5 g. per 1. is recycled back to the 
leaching tanks after a treatment with sufficient barium sulphide to precipitate the 
sulphate ions present. The precipitated barium sulphate is reduced to sulphide for 
re-use as a precipitant. The antimony, being brittle, is easily removed from the 
cathodes. This plant, erected at a cost of about $500,000, started operations in 
March, 1940. 

Refining of Antimony Metal. — Unrefined antimony usually contains sulphur, iron, 
arsenic and copper, and lead. These impurities, with the exception of lead, can be 
eliminated partly by oxidizing and slagging agents, partly by sulphurizing agents, and 
partly by chlorinating agents. Soda, potash, or antimony glass (antimony oxy- 
sulphide) removes sulphur by fusion and converts arsenic into arsenate of soda or 
potash. The conversion of copper and iron into their sulphides by sulphide of anti- 
mony can be facilitated by the addition of soda or potash, or of Glauber’s salt and 
charcoal. These sulphides form a slag with the sulphide of sodium produced from 
the reduction of the Glauber’s salt, with the soda or potash present. These sulphides 
are easily removed by antimony glass. 

The use of common salt, carnallite, or magnesium chloride to volatilize some of the 
foreign metals present as chlorides, and to slag others, may occasion great loss of metal 
due to volatilization. It is somewhat difficult to remove the lead, and when antimony 
ores are found to contain a considerable percentage of lead, as is frequently the case, 
they may with advantage be smelted with lead ores to produce hard, or antimonial, 
lead (12 to 15 per eent Sb). 

One of the most objectionable impurities found in antimony is arsenic, because 
great loss of the metal and expense are entailed when one tries to bring the arsenic 
down to the market tolerance. Obviously, the best way to obviate this difficulty is 
to free it as much as possible from the ore before it is smelted. This can be done by 
differential flotation of the arsenic mineral, as will be described later, or as suggested 
by Koster and Royer,' by roasting the ground ore or concentrate at 475 to 500°C. 
with steam at atmospheric pressure, when approximately 88 per cent of the original 
arsenic will volatilize off with only a loss of about 10 to 15 per cent antimony. 

If the antimony oxide, obtained in the volatilization process, contains arsenious 
oxide, say as high as 2 to 3 per cent, the following method can be adopted for its 
partial elimination. 

1. Heat the oxide in a muffle furnace to above 200°C. whereby the AszOs is volatil- 
ized while the SbjOj may remain as Sb20s or partially change to Sb 204 . Constant 
rabbling is necessary. In an experiment by C. C. Chao in the laboratory of the 
National Bureau of Mining and Metallurgical Research, China, the arsenious oxide 
was brought down from 2.38 to 1.55 per cent at a temperature of about 300°C. 

2. The arsenious oxide can be brought down from 2.38 to 0.54 per cent by digesting 
the antimony oxide wdth hot water and 0.5M HCl for 4 to 5 hr. 

To reduce the amount of arsenic contained in the regulus, the following method 
can be adopted. After covering the molten metal with soda ash, air is blown into it. 
In three successive operations, occupying about 2 hr., the arsenic content can be 
brought down from 1 to 0.1 per cent. Tire soda ash used is about 2J^ per cent by 
weight of the bath in each operation. The soda ash in the slag produced can be 
regenerated by a simple process. 

' V. S, Bur, Mines Rept, Invesligation 3491 . 
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A similar method of refining antimony by blowing air through the molten metal 
has been norked out by G A Merson, L AaKroI, andO E Krein ‘ According to 
them, the follomng optimum conditions are recommended for carrying out the refining 
treatment, which reduces the arsenic content m the metal from 0 70 to 0 05 per cent 

1 Temperature — 950°C 

2 Air supply for blowing — 500 ml per mm per kg of metal 

3 Amount of soda slag — 20 per cent, the slag is renewed once during refining 

4 Duration of refimng — 1 hr under each slag, t e , a total time of 2 hr 

Under the above conditions a jueld of 80 5 per cent refined antimony was obtamed 
Of the remaining 10 5 per cent, 8 75 per cent passed mto the slag, while 1 75 per cent 
volatilized off as ShiOj 

Another method to refine antimony containing an appreciable amount of arsenic 
IS to melt the metal, which is crushed to 10 to 15 mesh with, saj , 6 per cent niter 
and about the same amount of soda ash 

Starring — It has long been the practice of the trade to judge the punty of refined 
antimony hj the development of a femhke structure, or “stars,” on the surface of 
the ingot The appearance of this structure does not actually indicate the relative 
punty of the metal, but is only the result of cooling it slowly under cover of a lajer 
of a properly prepared starring mixture — couverture — a slag that has a fusion point 
lower than that of antimony, which is fiSCC When the regulus contains impurities 
like sulphur, arsenic, lead, or iron, to any appreciable extent, its surface shows the 
presence of these foreign elements by specks, by a leaden appearance, or by a poorly 
defined appearance of the fernlike structure It is true, on the other band, that 
regulus containing impurities above wbat are considered to be the limits imposed 
by the market often shows stars as bright and well defined as those of well^refined 
regulus Since buyers demand this artificial adornment on the regulus, the starring 
operation has become a regular part of the refining process, adding an unnecessary 
cost of $5 to S30 per ton 

Different mixlurts for this couverture are shown in Table 2 by the authors, as 
used, according to local conditions, by various antimony smelters in China 

Another starring mixture for pure Chinese ores, patented by C 1 Wang in 1918 
with the object of avoiding the use of mixtures containing anj antimony compound, 
utilizes iron sulphide, which is generally discarded from the precipitation process of 
antimony smelting as useless This by-pioduct takes the place of antimony com- 
pound and is used with any suitable alkali compound, preferably potassium carbonate 
The proportions of the mixture are as follows iron sulphide, 9 to 14 parts, potassium 
carbonate, 8 parts 

In England the process of refining and restamng the star bowls, also a pot-fumace 
operation, is as follows The lumps of metal, when cold, ate lemovcd from the mold 
and are thoroughly cleaned from the adhenng Rkm of slag by chipping with sharp 
hammers, this part of the work being sometimes done by women Unless this cleaning 
process is carefully done, it is well mgh impossible to obtain good stars on the finished 
metal The chippmgs are returned (o the second smelting Havmg been cleaned, 
the star bowls are broken small The eba^e made is about 84 lb , together with 
enough flux to surround the ingots completely, the quantity is generally 8 lb for 
ingots of the ordinary shape The meltmg takes place in the crucibles standing close 
to the fireplaces, where the fusion is most rapid The metal is charged first and is 
closely watched, as soon as it begins to melt, the flux is added, and as soon as the 
fusion appears to be complete, the fnmaceman stirs the mixture once round only, with 
an iron rod, and the charge is then poured out The flux is used over and over again, 

tJouT AppUedChm {USSB) VoL 13 pp 323^8 1940 abstracted m the Jtfelal/jxf (Londont 
June 13 1341. pp 503-S06 
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being regenerated by the addition of carbonate of potash. The ingots must be com- 
pletely surrounded by the flux; there must be a thin layer of it between the mold and 
the metal, and also the -whole surface of the ingot must be covered by the flux to a 
depth of yi in. Any traces of the flux still adhering to the ingot are removed by 
washing in warm water, with the assistance of a little sharp sand. 


Table 2. — Couverturb Mixtures 


Cou- 

verture 

Crude 

(high- 

grade), 

SbjSs 

Antimonj’- 

tetroxide 

(well- 

roasted 

crude), 

SbsO^ 

Antimony 

trioxide, 

Sb203 

Potash, 

K2CO3 

Soda ash, 
NajCOs 

Charcoal, 

C 

Smelters 
using the 
mixtures 

I 

15 

24 


10 

1 

1.25 

Pao Tai 

II 

15 

24 


11 

3 

1.25 

Pao Tai 

III 

2.2 

13.2 


7.5 


5.7 

To-cheng 

IV 

4.5 


20 


5 

0.5 

Loong Kee 

V 

7 


18 


4 

0.5 

Tai Wo 

IT 

3-4 


32 


2-4 

1 


ni 

5 

30 



5-6 

1 

Pao Tai 

VIII 



85 


15 


Wah Chang 

IX 



4-5 

1-2.5 



Wah Chang 

X 



8 

1 




XI 



40 

1 

4 



XII 



7 


1 

, , . , 

Loong Kee 

XIII 

0 


16“ 


1 

0.6 

Pao Tai 

XIV 

7 

14 



0.5 

0.5 

Pao Tai 


“ Pure flue dust. 


For a charge of 60 to 70 lb. of bowl metal, with 1 to 2 lb. of potash and 10 lb. of 
slag, obtained from a previous charge of French metal, the time required is % hr. 

Refining in Reverberatory Furnaces. — The refining operation is in most cases 
carried on in a small furnace, of reverberatory type, and proceeds about as follows: 
1200 to 1500 lb. of impure antimony is melted as one charge, to which is added 3 to 7 
per cent of soda, mixed -with a little coke dust or fine charcoal. The slag from this 
fusion gradually becomes thicker and thicker, and after about 3 hr. is skimmed off 
through the working door. Up to this point, the iron and sulphur remain as impurities 
in the metal. They are next removed by adding ingredients capable of forming 
antimonj' glass, such as oxysulphide of antimony. For each 100 lb. of antimony in 
the charge, 3 lb. of liquated sulphide of antimony and IJ^ lb. of antimony tetroxide 
nre thrown in, and as soon as these are fused, lb. of potash is added. Care is 
taken that the bath of metal is completely covered with the fluxes. 

The metal can be ladled out, after another 15 min., being handled cautiously, in 
order to secure the starred appearance of the ingots. Three charges of about 1500 lb. 
each can be refined in one of the small furnaces used, in 24 hr., with a coal consumption 
of 1300 lb. 


The slag obtained in the final step of the refining operation is called “star slag’’ 
and consists principally of antimony glass, carr 3 dng 20 to 60 per cent antimony. It is 
nsed repeatedly for refining, until it becomes too impure for the purpose, when it is 
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charged along with the ore for the first smeUmg The other slags obtained in the 
course of refining are also added to the ore smelting charges 

The proper procedure for charging an> of the above mixtures is as follows The 
compound, after being thoroughly mixed, is immediately charged into the reduction 
furnace as soon as the skimming la finis hed Tlie doors are closed, and vigorous firing 
IS maintained as soon as it is observed that the mixture is completely melted, ladling 
commences Each ladle dips into the molten metal and, m coming out, picks up a 
certain quantity of the molten coiiverture, which, when poured out together wnth the 
metal into a hold mold, completely covets the metal on all sides Ladlmg must be 
done rapidly for each moldful — four or five ladles to one slab of regulus according to 
the size of the ladle used The thickness of the sohdified couverture vanes from 1 to 
2 mm on all sides except the top, which vanes from 5 to 7 mm The amount of 
couverture required for each charge vanes from one sixth to one-fourth the weight 
of the regulus produced It is remarkable that generally the weight of the sohdified 
couverture hammered off from the slab after cooling is less than the original weight 
of the mixture put in by about one-third owing in part to volatilization and in part to 
wall fluxing during melting The couverture can be used over agam the second or 
third time, sometimes with an addition of a little soda until jt is so contaminated with 
rapurities that it cannot produce any good stars Then the worn-out couverture is 
mixed with the ordinary charge of tnoxide or tetroxide and calculated as an equivalent 
amount of soda required for that charge In connection with this, the practice at the 
Loong Kee and the Pao Tai smelters may be mentioned The Loong Kee smelter uses, 
for every 14 tons of regulus produced 1 14 tons of couverture which, according to 
couverture \II of Table 2, contains 1 ton of tnoxide and 0 14 tons of soda The 
Poo Tai smelter uses 1 ton of couverture XIV for 14 5 tons of regulus 


Table 3 


mm 

■1 

m 

m 

il 




a 

Othera 

M C C (Chinese) 

99 S48 

Trace 

0 009 

Trace 

0 095| 

0 030 

Trace 

0 018, 

Cd, trace 

Hallett’s 

99 856 

0 CMC 

0 007 

0 718 

0 210 

0 012 

'o 023 

0 128 


Cookson’s 1 

09 608 

0 046 

b 0(M 

0 102 

9 092 

Trace 

[o 034 

0 0S6 

Co, XiO 028 

Japanese I 

99 195, 

0 043 

0 007 

0 424 

0 095! 

0 012, 

lo 023' 

0 201 


Chinese 

99 760 

0 012 

0 004 

0 029 

0 090 


b 027 0 078 

Co, Ni, trace 

Ia Liicette 

99 35 

0 010 

0 000 

0 130 

0 200 

1 


[0 200 


U S "Lone Star" 

99 70 ; 




0 QSOI 

1 (No other 

Bingle 

impurity in 

U S "RMM” 

99 30 




0 10 ' 

excess of 0 10 per cent) 

Czechoslovakia 

99 70 

'iracej 

0 110, 

0 (M 

0 070 



0 050 



99 70 

Trace 

0 056' 

Trace 

0 031 



0 119 

Ni, Sn, trace 

Yugoslavia 

99 34 

1 

0 11 

0 04 

0 30 



0 OSO 



Note EntlaH >nl>mosy s«n«T»lly tommftnds a immium (n ft tore gn brands Mpeeially the C" 
Braod of Cookaon • which is recognized as the erorid a aUndaril ant mony 


A procedure, as adopted by M Brazenall* for starring the regulus produced, is as 
follows "The flux furnace was 4 X 3 ft It was heated by wood fuel, and kept at a 
low temperature It was tapped into a large pot and ladled out by small ladles into 
the metal ladles just before pounng The metal ladles w ere placed under the taphole 
of the metal furnace, one on the floor and the other on bars above it, close to the 
spout of the furnace Then the bar was drawn, allowing the metal to flow mto tlic 
ladles, mto which enough flux had been poured to cover two bara The molds, 
IOim.Sni/ Jlinftit Rft June 6 1932 
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10 X 10 X 3 in., were placed in rows adjoining each other, and a gate of iron was 
placed above them with a hole at each end reaching to the center of the molds, so 
that both molds were poured simultaneously. The flux floating on top of the molten 
metal flowed into the mold with the metal, thus completely covering it. This is 
essential for starring the metal, as it excludes the air from it. This method of pouring 
the metal was devised by the writer Brazenall at the works of the Western Metal Co., 
Harbour City, Calif., after a great deal of experimentation, in order to avoid ladling 
from the furnace with iron ladles, as they soon wear out and burn away, the iron then 
going into the metal.” 

Typical analyses of refined antimony supplied by English, Chinese, American, 
French, Czechoslovakian and Yugoslav producers are shown in Table 3. 

Ore Dressing. — Beneficiation of low-grade sulphide ores of antimony by means of 
ore dressing has been tried both experimentally and in practice and has given indica- 
tion that in the futoe it will form a beneficial adjunct to metallurgical treatment. 

It is undeniable that it is better to free the arsenic, if present in the antimony ore 
in an appreciable quantity, at the very beginning by differential flotation before 
smelting than, to resort to the laborious and expensive methods of treating the flnal 
metal for its elimination. 

There occur, in many parts of the world, scattered deposits of low-grade ores of 
antimony for which the building of a metallurgical plant is unwarranted. For their 
exploitation, beneficiation of the ores is highly desirable in order that the concentrates 
be profitably shipped to other centers for metallurgical treatment. Sometimes, 
associated with the antimony ores are gold and silver, which, in the same dressing 
operation, are at the same time concentrated. But the general problem of concen- 
trating low-grade oxide ores of antimony is still awaiting solution. 

A few instances of past experiments and current practices are now given, to show 
the trend of the development of the dressing of antimonial ores. 

The Flotation Plant at D jinli Kaya Mine in Turkey.' — The flow sheet is as follows : 
From ore bin to ball mill about one of water to two of ore by weight was used. The 
mill discharge passed to the Dorr classifier, and sufficient water was added here to 
make a pulp of or 3 of water to 1 of ore. The pulp passed to the larger steady head 
tank where more water was added when required to bring the dilution up to 4 of 
water to 1 of ore, and thence to the fourth cell of a 12-cell flotation machine. The 
reagents used were creosote, naphtha, cresylic acid, xanthate, cyanide, soda ash, 
lime. The use of reagents depended on the type of ore to be treated and the acidity 
or alkalinity of the water available. It was essential that the pulp be slightly alkaline. 
The ore consisted of 10 to 20 per cent Sb and 0.5 to 10 per cent pyrite in a relatively 
soft siliceous gangue. The mine water used had to be neutralized by the addition 
of soda ash or lime. 

A concentrate carrying 60 to 65 per cent Sb and tailings of 1 to 2 per cent Sb was 
aimed at. Cyanide was used to depress the pyrite. The function of the creosote, oils 
naphtha, and cresylic acid was mainly to coat the small bubbles of the froth to which 
the shining particles of sulpiride adhered. Xanthate was most useful in cleaning 
up the tailings. Very little, if any, of this reagent was used before the pulp had 
reached the seventh or eighth cell of the machine, the froth from these cells being 
returned to the machine and refloated. The order of the feed of the reagents was as 
follows: Mixture of creosote and cresylic acid in ratio of 1: 2 at 4 lb. per ton to No. 4 
cell; cyanide at 0.5 lb. per ton to No, 1 cell; lime or soda at 0.6 lb. per ton to overflow 
from classifier. 

Differential Flotation Work at the Wiluna Gold Mine, Wiluna, Australia.® — A 
bulk concentrate containing arsenic and iron sulphide together with antimony is 

' Lawrence, Mininff Met, Soc. BuU, Vol. 7, July, 1933— March, 1934. 

* Private communication. 
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floated m a Fagergrcn machine The antinion> cojjtent of the feed to this machine 
vanes from 0 2 to 2 per cent The bulk concentrate contains 4 to 20 per cent, depend- 
ing on the grade of the crude oil 

Xanthates and lead sulphate with pine oil and Cresjhc acid arc the reagents u«etl 
in this circuit Alkalmitj is controlled by the addition of soda ash The bulk 
concentrate is then passed to a aeries of cleaning machines where the pyrite (and 
arsenopjTitc) is depressed by the addition of caustic soda and cjanide and other 
reagents The aucccaa of the operation depends on the accurate control of depres- 
sants in the first stage and, subsequcnily, the control of depressants in the cleaning 
circuit and the points where they arc introduced To produce a 60 per cert SS 
concentrate, 0 to 10 cleaning operations arc necessary 

Differential flotation of an arseniferous-sulphide ere of antimony , contammg gold, 
has been practiced at the Cucuma mine, Czechoslovakia • For the flotation of 1 ton 
of 6 per cent Sb ore to concentrates containing GO pur cent Sb, the follow mg reagents 
were required HiSO<, 8800 g , xantol, 80 g , ethyl xantogen, 115 g To separate the 
associated arsenic, the reagents recpiircd were NajS, 345 g , NaiCOj, 580 g , sapmol, 
42 g , butyl xantogen, 115 g 

The Yellow Pine Mine, Stibnite, Idaho,* uses flotation to concentrate the gold- 
silver antimony ore Tlic heads averaged 1 85 per rent Sb, 84 75 in gohl, and about 
os of silver per ton The following reagents were met! m the flotation of stibnite. 

Founds per Ton 


Copper sulphate 1 21 

Soda ash 0 03 

Caustic soda 1 37 

CbloTine 0 82 

Cresyhe acid 0 30 


Flotation resulted m a stibnite concentrate containing 0 77 02 per ton of gold, 
$10 51 in silver, and 43 60% antimony 

Dry Concentration -“It is known that wet gravity concentrations of antimonv 
ore with jigs and tables give rise to much slime loss Experiment w ith dry coneentra- 
tion on dry concentrating tables, such ns those manufactured by Sutton, Steele A 
Steele, Inc , Dallas, Tex , has shown that it is possible to concentrate a sulphide ore 
of antimony contammg 8 56 per cent Sb to coneentrates containing 65 to 70 per cent 
Sb and middlings containing 22 to 30 per cent Sb, which together represent 8S per cent 
recovery The antimony content of the tailings amijunts to 0 60 to 1 SO per cent Sb 
The optimum size for this particular ore was found to be minus 28 to plus 35 me<h 

It IS generally felt that antimony oxide ore does not respond to flotation The 
Adelaide School of Mines, however, has reoenUy found that it 13 possible to float 
cervantite at pH 7 after sulphidizing with sodium sulphide 

Resume of Antimony Metallurgy— TTie sulphide ore, stibmte, is the only ore of 
practical importance, the oxide ores, valentmite, scnarmontite, or cervantite, being 
of ramor significance Beneilciatton of low grade oves by grai ity concentration, air 
concentration, and flotation is under way or planned iji all the producing regions where 
freight to distant smelting points must be considereil or where the ore contams valu- 
able constituents other than antimony In the case of an ore containing an appreci 
able amount of arsenopyntc, it is sometimes advisable to use differential flotation to 
get nd of the arsenopyrite, which would otherwise wjntaminate the product resulting 
from the pyrometallurgical treatment of such ore Of aH the concentration methods, 
flotation appears to be by far the most satisfactory niethod and will undoubtedly find 
a place in antimony processing 

* Pnvate commuiucation. 

* V S Bur, iltnt! Information Ctre 7194 Jaouaiy 1942 
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As a rule, concentration methods for antimony minerals have in the past shown 
unsatisfactory percentages of recovery due to dust losses. The relatively high 
frangibility of antimony ores results in heavy dusting, at crushers and screens, and 
the metal content of the dust is unsually high. For example, in dust from ore carrying 
5 to 6 per cent metal, the metal content collected in dustproof housings and baghouse 
has been found concentrated to 15 to 20 per cent. The amount of dust collectible 
from antimony ore properly trapped may be as high as 10 per cent of the ore treated. 
In plants now under discussion, this type of dust will be concentrated by delivering it 
to the flotation cell along with the finer ore screenings. Dustproof housings installed 
with air concentrating tables are expected^ to extend the use of dry concentration 
(air flotation) in many low-grade antimony districts. 

As to hydrometallurgical or electrolytic methods of extracting antimony, they are 
uneconomical and only under exceptionally high prices and special circumstances 
may their adoption be recommended. 

It is to be emphasized that, whatever smelting method is followed, an antimony 
plant must have a particularly good flue and condensing system. We know that with 
ordinary settling devices, such as flues with reduction or expansion of cross sections, 
Freudenberg plates or Roesing wires, only dusts larger than 10 microns (10~’ cm.) 
can bo deposited; hence antimony fumes, whose particles range from 0.3 to 1.0 micron, 
and settle very slowly even in still air, cannot be effectively deposited. The usual 
cyclone dust catcher acts very ineffectively with antimony fumes; even the best 
cyclone, the so-called multiclone,^ cannot settle particles smaller than 5 microns. 
Filtration of antimony fumes by means of bag filters, woolen or cotton, has been more 
or less adopted in many antimony works. 

The Cottrell process of electrical precipitation has been adopted in a few antimony 
works and has proved its worth as a secondary cleaner for the oxide fumes. 

The scrubbing or washing of antimony fumes, involving, as it does, the intimate 
mingling of the fumes by means of sprays or jets of water, is not thoroughly effective 
in precipitating the oxide. How'ever, the Peabody process,® as recently developed 
in England, is a distinct improvement on the old-time scrubber and is a device that 
may be applicable to the condensation of antimony fumes. 

For different grades of ore, the following methods are generally adopted: 

1. For sulphide ore containing about 20 per cent Sb, the volatilization method. 

2. For sulphide ore containing about 35 per cent Sb, the blast-furnace method. 

3. For sulphide ore containing about 50 per cent Sb, the liquation method and the 
English precipitation method. 

4. For oxide ore containing about 30 per cent Sb, the blast-furnace method. 

5. For oxide ore containing about 50 per cent Sb, the direct reduction method. 

6. For mixture of sulphide and oxide ore, the blast-furnace method. 

It is to be noted that dead roasting of sulphide ore to the stable tetroxide, as a 
process for the treatment of rich ore, has become obsolete. 

Production Economics. — The average yearly world production of antimony, 
including crude and oxide in Sb content, during the period from 1908 to 1938 was 
about 27,700 metric tons (China 62 per cent, Mexico and Bolivia, each about 11 per 
cent, totaling about 84 per cent of the world production, leaving about 16 per cent 
supplied by the United States, Algeria, France, Czechoslovakia, Italy, Yugoslavia, 
Peru and Argentina, with insignificant outputs from other countries). 


' Alien H. Smith, patent pending. 

* For an analysis of mechanical methods of dust collection see Lissman, Chem. ct Afel, Eng,, October, 
1030, pp. C30-634. 

* R. R. Harmon, Removal of Suspended Matter from Industrial Gases, The Institute of Fuel, London, 
April, 1938. 
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Increased demand, T^a^ bom, for strategic metals has been coincident with global 
shifting in sources of raw material In no commodity has the supply picture shifted 
more extensnely than for antimony In compan^n to the normal movement of 
65 to 70 per cen‘ of world supply from China and M to 35 per cent from other sources 
m the 8 years prior to the Sino-Japanese ^tar, the years of 1942 and 1943 draw 
approximate^ 49 per cent of world production of nesv metal from Mexico, 35 per cent 
from Bolivia and Peru, 14 per cent from the United States, and 2 per cent from various 
other regions This is a forced draft on these last-named w orld areas, and it is believed 
probable that postwar economics will turn the searchlight back to the preponderant 
Chmese supply Though actual Chmese export to the United Nations has dwindled 
to almost nothing, production m the Asiatic fields has contmued in varymg degrees 
as a matter of national economy and human livelihood, and Chinese stock piles of 
antimony — ore and metal exact quantities unknown — are accumulatmg as a cushion 
for such postwar raw material exhaustion as may develop 

Return of commodity normalcj , postwar, is expected to register, in the antimony 
industry (1) 25 per cent shrinkage, by and large, of current world demand, (2) inabiJ 
ily of Western Hemisphere areas, recently prolific, to maintain preponderance of 
supply, (3) reversion to Asiatic 6uppl> area 

Under normal conditions the relatixely high cost of production m the United 
States from labor and deposit angles prex ents succeuful competition with Chmese 
metal The antiinonj ♦producing countries of the world may be divided into three 
groups 

1 Principal potmtial production, in order of impottance Chma, Mexico, Bolwia 

2 Irregular m normal times but with potential reserves available at higher pneo 
levels The United States, Yugoslavia, Peru, Czechoslovakia, Algeria, Italy, Australia, 
French and Spanish Morocco Canada Turkey (Asia Minor) 

3 Production small known reserves probably less important Hungary, Russia, 
Argentma, Portugal, Burma, Indo^China, British India, Japan, Southern Rhodesia, 
South Africa, Borneo, Greece 
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BISMUTH 

By Walter C. Smith* 

History. — The metal bismuth has been known since the Middle Ages. Agricola 
refers to it as a form of lead and describes a method of separation from its associated 
minerals by liquation. The impure bismuth of the early writers was often confused 
with antimony, tin, and zinc. During the eighteenth century, bismuth was identified 
as a metallic element. 

Occurrence and Properties. — Bismuth is rather widely distributed, but is not an 
abundant metal. It occurs as native metal, oxide, carbonate, sulphide, and as a 
constituent of many complex minerals. The supply of bismuth is derived from two 
principal sources: (1) bismuth ores mined and treated for their bismuth content; 
(2) ores mined and treated primarily for other metals in which bismuth is a minor 
constituent and from which it is recovered as a by-product. 

Bismuth is a coarsely crystalline brittle metal, tin white in color, but with a dis- 
tinct reddish tinge and a high luster. It has the atomic number 83 and an atomic 
weight of 209. Bismuth crystals are trigonal or rhombohedral. Bismuth crystallizes 
in a rhombohedral face-centered or deformed simple cubic lattice; the lattice constant 
a = 4.726 angstrom units. The unit rhomb contains 8 atoms.^ 

The density of bismuth is 9.80 g. per cc. at 20°C. and 10.067 at the melting point. 
The density of molten bismuth decreases regularly as the temperature rises, from 
10.062 g. per co. at 275°C. to 9.611 at 650°C. Expansion of the metal during solidifi- 
cation amounts to 3.32 per cent of its solid volume at the melting point. The com- 
pressibility is 2.8 X 10"®, between 100 and 500 megabars, when the compressibility 
is defined as the average fractional change of volume caused by 1 megabar pressure. 
The hardness of commercial bismuth is 7.3 on the Brinell scale, using a 6.35-mm. 
ball and a 40.3-kg. load at 20'’C., and 2-1- on the Mohs scale. 

The melting point of pure bismuth is 271°C. The mean specific heat for the metal 
up to the melting point is 0.0319 cal. per g., the latent heat of fusion is 14.1 cal. per g. 
The vapor pressure is 10"® mm. of mercury at 640'’C., 1 mm. at 840°C., and 100 mm. at 
1200°C. The boiling point at atmospheric pressure is between 1440 and 1500°C. 
The heat of vaporization is 42,700 cal. per gram molecule. The thermal conductivity 
varies from 0.018 cal./(sec.) (cc. per °C.) at lOO^C. to 0.037 at 400°C. and higher. The 
thermal conductivity of solid bismuth is less than that of any other metallic element 
except mercury. The mean coefficient of expansion, from 0 to lOO^C., is 0.00000731. 
The viscosity of bismuth is of the same order of magnitude as for cadmium, tin, and 
lead. The coefficient of viscosity at 23.7°C. is 13.71 X 10® poises (dynes per cm.®). 
The surface tension of bismuth is lower than that of tin, cadmium, lead, or antimonJ^ 
It varies from 376 dynes per cm. at 300°C. to 343.9 dynes at 779°C. 

In the electrochemical series, bismuth lies just below hydrogen, together with 
arsenic, antimony, and copper. From this position, bismuth is positive to such metals 
as lead and tin. It is less subject to oxidation than lead or tin and more resistant to 
corrosion under oxidizing conditions. The hydrogen overvoltage at a bismuth surface 

* Metallurgist, Cerro de Pasco Copper Corp., New York. 

* Yal. Bur. Standards Circ. 382, April, 1930. 
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in 2N HsSOi at 25°C is 0 388 volt, somenhat greater than the corresponding value 
for antimony Bismuth electrodes ehon a tendency to passn ity in both alkaline and 
acid electrol) tes and the metal is amphoteric in that it dissolves electrochemically at 
both anode and cathode 

The specific resistance of solid bismuth w 106 5 imerohm-cm at 0°C , as compared 
with 1 683 for copper The mean temperature coefficient of resistance from 0 to 
100°C J3 0 00446 Electrical resistance of the solid metal increases with pressure 
and decreases with tension At the meltmg pomt the specific resistance of solid bis- 
muth IS 267 microhm cm and of liquid bismuth, 127 Bismuth and antimony are 
the only two metals whose resistance la greater m the aolid than in the liquid slate 

Bismuth possesses an unu*ual thermal e m f , about SO per °C agamst sil^ er 
Bj coupling pure bismuth with a bismuth alloy containing 5 to 6 per cent tin, an 
e m f of about 120 pec 'C can be obtained A Thomson effect of 676 it\ per ®C 
for an alloy of bismuth with 1 per cent tin, against copper has been observed The 
low melting point and the difficult) ol preparing and maintaining wires of suitable 
size owing to brittleness and lack of ductility, interfere with the thermoelectric use 
for bismuth 

Bismuth la the moat diamagnetic of all metals, but the susceptibihtj decreases 
with rising temperature An allo) of Cu-Mn-Bi is distmctlj magnetic, although all 
the components are diamagnetic 

The thermal conductivnty decreases in a magnetic field The electrical resistance 
of bismuth increases when the metal is subjected to the action of a magnetic field 

The absorptiv e powers of bismuth for X rays have been measured and aresunilar 
to those of lead 

Chemical Properties — Bismuth is not affected by air at ordinary temperature, 
heated in contact with air, it becomes coated with a grayish-black oxide at tempera 
tores just below the melting point, at higher temperatures a jellow or green oxide 
(BuOi) IS formed Bismuth burns with a bluish flame at a bright-red heat, forming 
BijOt Mater docs not affect bismuth at ordinary temperatures, at white heat, 
water vapor is slowly decomposed b) it 

Bismuth combines directlj with chlorine, bromine, and iodine It is not attacked 
by dilute sulphuric, dilute hj drocbloric, or cold concentrated sulphuric acids, hot 
concentrated hvdrocliloric acid attacks bismuth slowly It dissolves m hot concen- 
trated sulphuric acid and is rcadil) soluble m nitric acid or aqua regia, either hot or 
cold Molten bismuth combines directly with sulphur to form bismuth sulphide, 
BijSi Bismuth is precipitated from solution as metal by sine, irangancse, iron, 
nickel, cadmium, copper, tin and lead ]l is precipitated from solution as the sulphide 
by hjdrogen sulphide and all the soluble sulphides Basic salts of bismuth are 
precipitated from solutions of the sulphate, nitrate, and chlondc of bismuth upon 
heavy dilution with water 

Extraction of Bismuth — Both fire and wet methods, or a combination of both, 
are used for the extraction of bismuth from ores and metallurgical products The 
greater portion of the production is obtained by fire methods Bismuth produced 
by either method is generally too impure for use and must be refined 

Extraction, by Biquation — One of the earliest methods to be employed for the 
recover) of bismuth was liquation This process was formerlj used in Saxonj The 
liquation was earned oat in inclined cast iron pipes, heated with a wood or coal fire 
The ore containing metalhc bismuth was mtroduced mto the pipes and the readily 
fusiblebismutbmeltedandflowedontol the lower endsof the pipes, leaving the gangue 
of the ore as a residue in the pipes ThisresiduestiUcontained considerable bismuth, 
and was drawn from the pipes, smelled to a bismuthiespciss, and then re-treated m the 
liquation furnace One form of furnace earned 11 cast-iron pipes, each 4 ft long 
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10 to 12 in. high, and 6 to 8 in. wide; each pipe received a charge of about 33 lb. of 
ore; 15 to 20 min. were required for the liquation, and the furnace consumed approxi- 
mately 690 cu. ft. of firewood per 24 hr. 

Extraction by Fusion. — The fusion of raw or roasted bismuth ores, with carbon for 
reduction and the proper fluxes to yield a fusible slag, has superseded the liquation 
process. The fusion is carried out in either crucibles or small reverberatory furnaces. 
Metallic iron is added to the charge to decompose anj"^ bismuth sulphide in the melt. 
Lime, soda ash, salt cake, fluorspar, and feldspar are some of the fluxes used to give a 
fusible slag. The products of the fusion are metallic bismuth, matte, or speiss and 
slag. The melt is usually cast into molds and the three products separated after 
solidification. The matte or speiss retains some bismuth and is crushed, roasted, and 
resmelted. Crucibles made of fire clay and furnace hearths made of firebrick give the 
best results. The furnace hearth should be removable to permit rapid repairs. 

■ Wet Extraction of Bismuth. — When bismuth is present in ores and metallurgical 
products as oxide or carbonate, hydrochloric acid is employed to dissolve the bismuth. 
Metallic bismuth and alloys are treated with nitric acid, aqua regia, or hot concen- 
trated sulphuric acid. A method employed for the extraction of bismuth is as follows; 
Finely crushed bismuth litharge, cupel bottoms, and other oxidized material contain- 
ing 5 to 20 per cent bismuth, are treated in stoneware or other suitable vessels with 
hydrochloric acid. The proportions are 140 to 155 lb. of hydrochloric acid and 22 lb. 
of water for each 100 lb. of material treated. The mixture is heated gently and stirred 
for 5 to 6 hr.; water is carefully added until the white bismuth oxychloride just begins 
to form; it is allowed to settle for 6 to 8 hr., and the clear solution is then siphoned into 
wooden tanks. Water is added to this solution in order to complete the precipitation 
of the bismuth oxychloride, and the mixture is allowed to settle. The clear liquor is 
siphoned off and is treated with scrap iron to precipitate any copper carried by the 
solution. The bismuth oxychloride is washed with hot water to remove as much lead 
chloride as possible, then dissolved in hydrochloric acid and reprecipitated by dilution 
with water. It is then filtered, dried, and smelted with lime and charcoal to metallic 
bismuth. The bismuth produced by this method usually contains small amounts 
of lead, silver, and other impurities. The leach residue, containing lead, silver, and 
other metals, is washed, filtered, dried, and mixed wdth lime or soda ash and carbon, 
reduced to metal, and reworked in the cupel furnace for the recovery of the silver 
and other values. 

Electrolytic Refining. — ^Bismuth can be refined electrolytically. Both the chloride 
and the fluosilicate electrolytes have been used. The more economical fire-refining 
methods have largely replaced electrolytic refining. 

Separation of Bismuth from Lead Bullion. — Substantially all the bismuth produc- 
tion of the Western Hemisphere is derived from flue dusts from copper-smelting 
operations or from lead ores. The bismuth-bearing dusts are generally treated at 
lead-smelting plants, in which case the bismuth is collected in the lead bullion. 

Bismuth can be separated from lead bullion by the follow'ing methods: 

1. Electrolytic refining of the lead bullion (Betts process) 

2. Betterton-Kroll process. 

3. Crystallization (Pattinson or Hall processes). 

4. Electrolytic production of white lead (Sperrj’' process). 

In the electrolytic refining process, the lead bullion is cast as anodes and refined 
0 \ery pure lead cathodes and an anode residue or slime from which the bismuth is 

recovered. 

dhe slime is melted and arsenic, antimony, and more or less of the lead are removed 
} selective oxidation, leaving a metal containing gold, silver, copper, bismuth, 

^ nrium, and some lead. This metal is treated by further oxidation to yield dor6 
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nntl n biamuth-copprr lend trllurium rfig The Ring u ro»Juc«l «ilJi carbon to n 
crude liismutU metal If p^^^ent in ctccrs, copper and tellurium can 1 c collected in 
A matte b> the addition of sutphur to the melt ‘-alt cake anil carlmn Rslena or 
pvnto arc sometimes u'ed m place of aulpliur II the crude I i^niuth eontaina larpe 
Amounts of tellurium il u rcmoaetl b> socccssive Irentmenta with molten caustic 
soda Tfic crude hwmiith w then drowid bj coofinR nnd ekimminK for the further 
elimination of copper and tellurium Sihcr, Rol I and rendinl copper And tcllunun 
Arc eliminated b) zinkin;; and skimnimR Tlie dcsiberued 1 iRmutb is refined with 
chlorine pas ^\hen the lend has Inen eliminated, the residual chlorine is removed 
from the metal with air and the I v^muth w ptwiv BC^e^al treatments with molten 
caustic soda before costinp 1 he refineil metal al ould bs.i«> 09 OOI per cent bcmiuth 
\1I drosses nnd skims from the refinmp operatiotis are re-treated for recovery of 
valuable metals 

In the Hetterton Kroll process the lead bullion is Boft<ne<! nnd de*ilvirire<l fv 
stnndarvl Patkes proee^ metlwwls The vlcMUenicvl Iea«{ » treated with nietaUie 
calcium or calcium nnd mapne^mm cooteil and the calcium I fmuth dro<s removed 
The residual calcium and mapne-nim in tl c lead are removwl with chlorine or molten 
ehlondes before casting as rcfincil lead The calcium bismuth skims arc lreat«f 
with chlorine or molten ehlondes fur removal of calcium and magnesium Tlie crude 
bismuth IS refined as civiUmed aIwvc 

C'n*atalh*ation hj the Pnltin«on or Hall process u not u«al lodaj, except to 
supplement the chlonoc refining of crude bismuth or in re-treatingaomcof the products 
from dross and skuns 

The Sperrj process for production of white lead mplo>-9 anodes of lead bullion 
producing an anode elimc w Inch ls t reatcsl for the recov cn of silv cr, gold, and bismuth 
as in the electrolv'tic refining of tend 

Current Production — The current production of bismuth m the ttestera Hcmi- 
apherc IS estimated to be between 2 SCO 000 and 3 WO 000 11) per>Tar ThepnnnpsI 
producers arc the \mcrican Smelting d. Kcfinuig Co the Cerro do Pisco Copper 
Corp , the Consolidated Mining 4 Smelting Co of Canada Ltd , the International 
SmiUing 4 Hefining Co ihc I S Smelting Jlcfining 4 Mining Co The New 
\ork quotation for refined bismuth has lieen SI 2o per pound since October, 1939 

Uses— The principal use of bvsmvith lor TOan> >v-ara was in the production of 
pharmaceutical compounds During ihe last ten years how cv cr, the industrial and 
engineering uses of bismuth and its low melting alloj's hav o expanded rapidlj The 
addition of small amounts of bismuth and lead to some of the strong aluminum allova 
13 used to render the allovs free cutting Tlie addition of fractional percentages of 
bismuth to the so-called stainless steels and to the manganese Steels improves the 
machmabilitj of these steels 

Bismuth 13 a constituent of a number of eutectic aIloj"«, some of which arc 


Melting temperature 

Composition 

“I' 

‘C 

Bi 

Pb 

Sn 

Cd 

Others 

116 G 

46 S 

44 70 

22 60 

$ 30 

5 30 

In 19 10 

15S 0 


49 41 

27 67 

13 SS 

10 02 


190 7 

91 5 

51 65 

40 20 


8 15 


203 0 

95 0 

52 00 


16 00 



216 5 

102 5 

53 90 

2d 90 


20 20 


255 7 

124 3 

5a 50 

44 50 




266 0 

130 0 

50 00 


40 00 



2S1 3 

138 5 

57 00 





291 0 

144 0 

60 00 



40 00 
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The eutectic alloj’’s are not satisfactory for many applications, because of their 
very narrow freezing ranges. Many alloys having wide freezing ranges have been 
developed. Some of the fusible alloys expand during solidification, some shrink, while , 
others grow rapidly in the solid state after solidification. One alloy composed of 
Irismuth, lead, tin, and cadmium shrinks during solidification; further shrinkage 
occurs on cooling from solidification temperature to room temperature, when it 
begins to grow. The growth is ver 5 '- rapid for about 10 to 12 hr. Approximately 
95 per cent of the total growth occurs in the first 12 hr., and this growth almost 
exactly compensates for the shrinkages that occur during solidification and cooling 
of the alloy. The alloys that grow in the solid state are in general harder in the aged 
condition than when first cast. 

Bismuth alloys are employed in : 

Safety plugs for compressed-gas cylinders and tanks. 

Fusible elements in automatic sprinkler heads, fire-door release links, automatic 
shut-offs for electric and gas water-heater systems. 

Constant-temperature baths for autoclaves. 

Liquid seals for bright-annealing and nitriding furnaces. 

Low-melting solders. 

Forming dies in aircraft construction. 

Spotting, erection, and checking fixtures for aircraft construction. 

Bending thin-wall tubing and molding. 

Production of accurate patterns. 

Cores on which copper, iron, and other metals are electroformed. 

Anchoring dies, punches, machine parts, magnets, and ceramic parts. 

Chucks for holding irregular or delicate articles during machining operations. 

Spray coating for wood patterns, core boxes, etc. 

Models for engraving machines. 

Proof casting of forging dies, plastic molds, and other irregular cavities. 

Selenium rectifiers. 
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Bt It G BonuANf 

Nature and Uses — ^Lcad is the heaviest and softest of all the common metals 
Jt has a specific gravity of 10 37 to 10 65 (molten), 11 35 to 11 37 (solid), it is, in its 
pure metallic state so soft as to be readily scratched by the fingernail, while it easily 
marks paper with a gray streak Only the pure metal exhibits this degree of softness 
many commercial grades containing small amounts of antimon> , arsenic, copper, and 
sine being distinctly harder The degree of hardness increases with the amount of 
impurity present The metal hts a dull bluish gray color, is malleable but not ductile 
Its tensile strength is low, 2G00 to 3300 lb per sq in ■ >ts clastic limit is 0 5 lb The 
tensile strength is about two and one*haLf tunes the tenacity Lead is not sufficiently 
ductile to be drawn into fine wire 

Lead melts at 327 4*C , bods at about I525”C (at 760 mm ), but does not readily 
diatilL If, however, a mixture of zinc and lead is subjected to distillation at a high 
temperature, the zinc \apor carries over with it *i considerable quantity of lead vapor, 
and hence the source of part of the losses m lead smelting Lead is somewhat volatile 
when heated to a cherry red with access of air 

Commercial Grades o/ Lead — The commercial grades of refined lead aa established 
by the A S T M are shown in Table I 

Uses of Lead — Lead is used (1) in the form of refined metal, {2) as a base for 
alloys with other metals (3) in the form of chemical compounds 

The proportion of lead consumed m various applications is shown in Table 2 

In smeltmg, lead is used as a collector for other metals, particularly for gold and 
silver, from wlach it is later separated, generally by use of zinc in the Parkes process 
of desilvenzatioo 

Lead alloys readily with most of the nonicrrous metals and forms the base for a 
large number of important industrial alloys The principal types of lead base alloys 
are type metal, bearuig or babbitt metal, shot, solders, casting metals, leaded brasses, 
and fusible alloys used for the protection of electrical apparatus in automatic sprmk 
lers, etc From 0 1 to 0 2 per cent arsenic is added to lead used in making shot to 
increase the hardness and sphericity of the product Antimony imparts the quality 
of hardness essential to some ammunition and the property of expansion on solidifies 
tion essential in type metal and castmg metals generally Bearmg metals comprise 
alloys of lead and antimony, or these together with copper, tin, and zinc The addi 
tion of lead to brass produces an alloy that is soft and machines easily Solder is 
commonly an alloy of lead and tin, the melting point vanes with the proportion of 
these constituents and others, sometimes added for special purposes Commercial 
solder ranges in composition from 3 to 60 per cent tin, the remainder being lead 
The alloy of 1 part tin and 3 parts lead melts at 452*F , tin alone melting at 442“F 
With increase of tm content to 56 per cent the fusion pomt is lowered to 345“F then 
rises to 352'’F , with further increase to 75 per cent tin In practice, therefore, solder 

> GenerAtsupenntendent InternatioosI SmettingA R^ninaCo East Chicago lad 

Iq the preparation of tb s chapter the fonner chapter Iw Mr G C Hiddell was drawn upon freely 

Figures 3 4 44-60 and 65 are front Vol 131 TVaas A I if if B by perzniasionj 
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seldom contains more than 50 per cent tin. The addition of bismuth, cadmium, or 
mercury lowers the melting point below the boiling point of water. The low-fusion- 
point alloys of this t 3 'pe have manj’' commercial uses. 

The most extensive single application of a lead-casting alloy is in the manufacture 
of storage-battery grids which are made of an alloy of 6 per cent antimonj' and 94 per 
cent lead. 

TjTJe metal has a wide range of composition, c.g., 50 to 80 per cent lead, 2 to 35 per 
cent tin, and 5 to 30 per cent antimony. Some also contain nickel, copper, and 
bismuth. 


Table 1, — Standard Specifications for Pig Lead‘ 

Tentative specifications for pig lead published since 1919, and last revised in 
1940 bj”^ the American Society for Testing Materials (A.S.T.M. Designation B 29-40) 
cover refined lead in pig form made from ore or other material by processes of reduc- 
tion and refining, and exclude lead reclaimed by simple melting, dressing, and cast- 
ing. The requirements as to chemical composition are as follows, in percentages: 



Cor- 

roding 

Chem- 

ical 

Acid 

lead 

Copper 

lead 

Common desil- 
verized lead 



lead 

lead 

A 

B 

ized 

lead 

Silver, max 


0.020 





0.002 

Silver, min 

0.002 

Copper, max 

0.0015 

0.080 




0.0025 

0.04 

Copper, min 

0.040 



Silver and copper to- 
gether, max 

0.0025 




Arsenic, max 

0.0015 







Antimony and tin to- 
gether, max 

0.0095 







Arsenic, antimonj’^, and 
tin together, max 

0.002 



mu 


0.015 

Zinc, max 

0.0015 

0.001 






Iron, max 


0,002 




■IMIIIM 


Bismuth, max 


0.005 


KoRSH 

■■■pm 

0.25 

■nniiKl 

bead (by difference), min. 

99.94 

99.90 


99.85 

99.85 

99.73 

99.93 


* American Burc'>u oC Metal Statistics, 1941, 

Corroding lead is a designation that has been used for many years in the trade to describe lead which 
has been refined to a high degree of purity. 

Chemical lead has been used for many years in the trade to describe the undesilverized lead produced 
from Southeastern ^lissouri ores. 

Acid lead is made by adding copper to ftdly refined lead. 

Copper lead is made by adding copper to fully refined lead. 

Common desilverized leads A and B are designations that are used to describe fully refined desilver- 
ized lead. 

Soft undesilvcrized lead is used in the trade to describe the type of lead produced from ores of the 
Joplin, Mo., district. 

One of the most valuable properties of lead is its resistance to corrosion, though 
its phj'sical weakness is a disadvantage in many mechanical operations. The addition 
of comparatively small amounts of some other metals greatly increases its mechanical 
strength without impairing its corrosion resistance and other valuable characteristics. 













Tabli: 2 — UsB of r* tub I 
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Commercial grades of lead containing such additions are not usually classed as alloys, 
owing to the small amount of metal other than lead. 

The most important commercial grade of this type is that containing 0.04 to 
O.OG per cent copper, which is wdely used for protective sheathing on electric cables 
and for chemical-plant equipment. Other important grades are tellurium lead, con- 
taining about 0.05 per cent tellurium, and calcium lead, containing 0.02 to 0.05 per 
cent calcium. 

The addition to steel of up to 0.50 per cent lead produces an important increase in 
machinabUity. 

Alloys of Lead . — The compositions of some of the leading industrial alloys of lead 
are given in Table 3. 

The largest use of lead in the form of a chemical compound is in the field of pig- 
ments. The most important of these is white lead, a basic carbonate, 2 PbC 03 - 
Pb{0H)2, used alone or as a base for mixed paint. Red lead, Pb 304 , is used as a 
rust-inhibitive priming coat for iron or steel. Lead basic sulphate, known as sub- 
limed white lead, and lead chromate are also important lead pigments. 

Litharge, PbO, is used in large amounts in the manufacture of storage batteries, 
in rubber compounding, and in the manufacture of glass and ceramic glazes. Lead 
borate is used in ceramics; lead arsenate is an insecticide; and lead acetate and other 
compounds are used in medicine. 

History . — ^Lead is one of the six so-called prehistoric metals. The oldest people of 
whom there is any record, the Eg 5 ’-ptians, used lead in glazing pottery, and the 
abundance of silver among the ancients must have been derived from argentiferous 
lead ores in various places. Among the Egyptians, gold, silver, and lead came into 
use, together, in the period 7000 to 5000 b.c. One of the oldest pieces of lead in 
existence is a figure in the British Museum which antedates 3800 B . c. Lead was knowm 
and used by the Chinese before 3000 B.o. The Phoenicians worked the Rio Tinto 
deposit about 2000 b.c. The mines at Laurium, Greece, reopened by a French 
company in 1863, flourished in the fifth century b.c. In the third century b.c. the 
Homans operated the lead mines in Spain, the same deposits that today form one of 
the major districts of the world. 

About the period a.d. 700 to 1000, the German lead-silver mines in the vicinity 
of the Rhine and the Hartz Mountains were opened, and in a.d. 1200 those in Saxony, 
Silesia, and Bohemia. Lead mining in the United States, now' the leading producing 
country of the world, dates back to the beginnning of the seventeenth century (1621) 
when lead wms mined and smelted in Virginia. The lead ores of the United States 
came from the Mississippi Valley between 1700 and 1867, in which latter year the 
first great mmes of the West w'ere opened. The Mississippi Valley ores are non- 
argentiferous, i.e., they do not contain enough silver to pay for its extraction. The 
ores of the Western states are argentiferous and in most instances are quite complex 

in composition. 

The manner in which prehistoric people extracted lead from ore is unknown, but 
>t is readily imagined that primitive furnaces, small pits dug in the ground or in the 
hillsides, enclosed by stones to form a small shaft, provided early equipment for the 
recovery of lead from oxide and sulphide ores heated with charcoal. Blast, to produce 
the temperature required for forming slag, must have been applied by reed and bellows. 
The furnaces found in Sinai in which copper ores were smelted about 4000 b.c. had 
this form: a cavity 30 in. deep, a side wmll 26 in. high, and wdth two tuyere openings; 
the furnaces at Laurium wore similar. At Bawdwin, Burma, the remains of the 
ancient lead-silver smelting and refining furnaces show this same crude Scotch-hearth 
effect. These Burma furnaces have no iron work of any kind in or around them. 
They arc simply an excavation in the side of the hill, semicircular in horizontal cross- 
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section the radius at tlie top IS 2ft, tapenngto about 9 m atthesump Tliedepth 
from the top edge of the furnace to the bottom of the sump is between 5 and 6 in 
Back of the cla\ linmg of the sides are three 3 in square air passages extending from 
the top edge to the level of top of sump The operation of these primitive furnaces 
^^a3 undoubtedlj simdai to that followed uv the modern Scotch hearth Similar 
contrnances the log furnace and the ash furnace, wrere used m smelting ores in the 


TaBUB 3 — liEAD BASE ALLOTS 


>>aine 

Pb 

bb 

Sn 


Tj'pe metal 





Best 

50 

25 

25 


German 

75 

23 

2 



70 

18 

10 

Cl, 2 

Common 

60 

30 

10 


rrcnch 

55 

30 

15 


linotype (American) 

85 

12 

3 


Bullets (shrapnel) 

94 

6 



1 ngraving plate 

Pewter 

60 

40 



Usual 

20 1 

80 



French 

Bearing metal 

• 8 

82 



Atlantic Coast Line 

85 1 

15 



Pennsylvania R R 

Baltimore A Ohio R R 

87 

1 

13 



Thm linings 

94-96 : 

3-5 

0 5-15 


riiiek linings 

80 ' 

10-12 

3-5 


Chicago A Eastern R R i 

84-85 

12-14 

2 


Chesapeake A Ohio R U 

91 5 

7 

1 5 


Magnolia metal i 

■Solder 

79 75 

15 

5 

Bi, 0 25 

No 1, tinmans ' 

34 


60 


No 2, half and half 1 

50 


SO 


No 3, plumbers* 

66 


34 


Cable sheathing' 

f9S 0 

199 2 


2 0 

0 8 


Frarj metal (Uleo) 

\Miite xnetal, or antifriction bearings 

97+ ' 



fCal 

lBa2 

Heavy load 

87 

7 

6 


Jacob} metal 

85 

10 

5 


Jacoby metal 

62 

10 

27 


French R U (Cie do I’Est) 

so 

8 

12 


French RU (P-L-M RR) 

70 

10 



Ship shaft bcanng 

72 

7 

21 


Shot 

' 99 5-99 g 



As, 0 2-0 5 

Terne metal 

so 2o 

1 75 

1$ 


• Epecialleada uiikJ for c»Ue«h«atli nceontAin Cn Bb or Ca in ■mount* lea" tbsnO tO per cant »nti 
are not ordmarjy etaased aa ■lloy*. Tbe looet im| wtant ono of these conta na OT 83 per rent I h 
and 0 OG per cent Cu 
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Mississippi Valley about 1720. In 1836 the first Scotch hearth tvas erected in this 
country. This furnace had been in operation in England since 1730. 

Chemical Properties. — Lead is tetravelent; its atomic weight is 207. It tarnishes 
rapidly in moist atmosphere, although its surface undergoes no change in perfectly 
dry air, or in water that is free from air. If melted in contact with air, it oxidizes, 
with a coating of iridescent pelhcles of suboxide which, at duU red heat, are converted 
into PbO. If the heating is continued at a temperature of 400 to 430°C., the PbO 
gradually changes to red oxide (Pb 304 ), which dissociates into 3PbO and O at 550°C. 
The other oxides that lead forms are the sesquioxide, Pb 203 , and the peroxide, PbO.. 
All oxides with more O than PbO are decomposed into PbO and O at 630°C. 

The best solvent of lead is nitric acid, the ver 3 ’- dilute acid acting more rapidly 
than the strong. Dilute hydrochloric and sulphuric acid have little effect on lead, 
these acids forming coatings of PbCL and PbS 04 which protect it further from action. 
Up to 200°C. — ^the highest temperature emplojmd under normal conditions in acid 
concentrating practice — ^pure lead is but little attacked by strong HCl or by the pure 
or nitrous sulphuric acid, but above 200° the action becomes stronger, and at 260°C. 
lead is completely dissolved. Boiling concentrated HCl and H 2 SO 4 attack the metal 
slowly, even in large masses, and dissolve it with fair rapiditj^ if it is in a finely divided 
condition. Nitrous sulphuric acid acts upon lead at all temperatures more readily 
than does the pure acid. Acetic, citric, tartaric, and other organic acids act Upon it 
slowly in contact with moist air. It is attacked bj’' SO 2 between 550 and 850°C., and 
is also acted upon bj'' HP, but the dissolution in hydrofluoric acid is quickly checked 
by the formation of PbFo; hence the acid can be stored in lead vessels. 

The compounds of lead are poisonous practically in proportion to their solubility; 
the metal itself and its sulphide, being incapable of absorption as such into the sy^stem, 
are almost innocuous, while the soluble salts, chloride, nitrate, acetate, etc., are active 
irritant poisons. The oxide, sulphate, and carbonate are less active, but continued 
exposure to lead fume, or to any atmosphere in which these substances are present in 
the form of dust, is dangerous and wdU result in lead absorption or “plumbism.” 
This condition is entirely curable and can be entirely prevented by adequate ventila- 
tion of working places, the use of respirators, protective clothing, and personal 
cleanliness. By reason of such measures and careful medical inspection, modern 
lead industries offer no greater hazards to the worker than do most other industrial 
fields. 

Lead Compounds. — The more important compounds of lead and the chemical 
reactions that are of importance in the extraction of the metal are as follows: 

Lead Oxide, PhO . — This is the oxide of greatest metallurgical importance. It 
occurs in turn forms — ^massicot and litharge. Massicot is an amorphous y^ellow 
powder produced by heating lead on flat hearths at a full red heat, continually remov- 
ing the film of suboxide, and oxidizing it to the yellow oxide at a low^ temperature, 
a\ oiding fusion. On raising the temperature to a bright red heat, this oxide melts 
and, on cooling, sohdifies as crj^stalUne litharge. Litharge is obtained on a com- 
mercial scale by cupehng refined lead and collecting the oxide as a skimming or a fume. 
The melting point of litharge is 883°C. ; it is volatile in air below 900°C. It is a good 
conductor of electricity when molten. 

Toward acid furnace materials, htharge is a strong base, quickly corroding them 
by forming lead silicates. It is an e.xcellent flux, forming fusible compounds with 
o-'-‘des that are infusible alone, such as CaO, BaO, MgO, and AI2O3. These bases 
0 not always enter into chemical combinations with PbO, but are simply held in 
lused solutions hy an excess of htharge. In the case of the metallic oxide CuO, 1 part 
m UO forms a fusible mixture with 1 .8 part of PbO. No chemical compound occurs, 
but there is a eutectic with 32 per cent CuO freezing at 689°C. This explains the 



LEAD 


151 


product is independent of the purity of the anode lead, since onlj' the load dissolves. 
The process affords an opportunit3' for complete control of the composition and 
physical characteristics of the product at all times and produces an extremely pure 
and brilliantly white pigment. 

Siiblmed White Lead {Basic Lead Sulphate). — This is a white pigment, ranging in 
composition from pure 2PbS04.Pb0 to 75 per cent PbSO^, 20 per cent PbO, and 5 per 
cent ZnO and is largely produced directty from lead ore, whereas the basic carbonate 
(white lead) is made almost exclusivelj’' from metal. Basic lead sulphate is used 
cxtensivelj' in paint and in the manufacture of oilcloth, paper, and rubber goods. 
The raw material used in its manufacture is silver-free galena from the Missouri field. 
This is ground fine, mixed with carbon (and gra}’' slag from the ore hearth), and 
smelted in an oxidizing atmosphere. The pigment is collected in baghouses. Blue 
fume, or "sublimed blue lead,” is a bj^-product of the process and is used in the same 
industries as is the major product. Sublimed blue lead consists of 50 to 53 per cent 
PbSOj, 41 to 38 per cent PbO, with small proportions of PbS, PbS04, ZnO, and carbon. 

Lead Silicates. — Lead silicates are much used for glazing tile, pottery, etc. Lead 
oxide and silica begin to combine at the softening temperature of the oxide, i.e., 
below 800'‘C. The silicates do not give up their lead readily, the ordinary reducing 
agents sulphur and carbon decomposing them with difficultj’’. Iron in excess effects 
the decomposition of lead silicates at bright-red heat, forming monosilicates (2FeO.- 
SiOj). FeS throws down some Pb, a double silicate of lead and iron being the result. 

Lead Sulphide, PhS. — ^This occurs in nature, as galena, and can be artificiallj' 
prepared by melting sulphur and lead, or bj"- adding hydrogen sulphide to a solution 
of a lead salt. It is produced in smelting lead ores as a sublimate on the cooler part 
of the furnace walls. PbS melts at about H20°C. to a thin fluid which penetrates 
the firebrick of the furnace; furnace linings usuallj’’ contain a network of cry.stallinc 
galena. It volatilizes at temperatures below its melting point. Sublimed galena 
constitutes a large portion of the accretions on the shaft walls of lead blast furnaces. 

Being isomorphous with Ag^S, CusS, ZnS, FeS, etc., lead sulphide readily mixes 
vith these sulphides in all proportions, forming the mattes obtained in smelting 
complex sulphide ores. Galena is decomposed by fusion with iron, the reaction form- 
ing the basis of what is known as the “precipitation” process of lead smelting. 

PbS -{- Fe = Pb -k FeS, or 4PbS -p 4Fe = 3Pb -k PbS -k 3FeS -k Fe 

Lead sulphide is decomposed bj' those metallic elements which have a stronger 
nflinity for sulphur than lead, in the following order; 

Mn — Cu — ^Ni — ^Fe — Sn — Zn 


OKUiganese forming the strongest and lead the weakest sulphide. In the smelting of 
lead ores, manganese does not have to be considered in this connection, as it is usually 
present as MnOs, which enters the slag and hence is found only in small amount in 
the matte. 


In smelting practice, the decomposition of PbS is never complete. It is customarj' 
to calculate the iron necessary^ for the decomposition of PbS m accordance with the 
formula Fe -k PbS = Pb -k FeS; if less iron is added, the resulting matte remains 
too rich in lead, while if an excess is supplied it simply goes into solution in the PbS- 
PoS matte. An excess of iron in the charge, while often advantageous in cutting out 
orucible crusts, may bo disadvantageous in decomposing argentiferous galena, since, 
“"■ing to the affmitV of AgoS and FeS, more silver will be drawn into the matte than 
oon be accounted for by the amount of lead present. In addition to having the correct 
oiuount of iron present to decompose PbS, it is important to havm the temperature as 
'Igh as possible, within reasonable limits. 
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A basic ferrous silicate 4FeO SiO, will docoinjK>«o PbS rcidilj , the single silicate, 
2FeO SiOj has little effect CnO and BaO have, m the presence of carbon, {^tlecom 
posing action on PbS • 

2PbS 4- CaO 4- C = Pl> + (PbS CaS) + CO 

Lead Sulphate, PhSOt — ^This occurs in nature as anglesite and is formed in roasting 
PbS and in precipitating lead salts w ith H^O % It w the most stable of all sulphates 
of the heav> metals, remaining unaltered at a bright red heat At SOO to 1000“C it 
dissociates, fusion also occurring between 9a0 and lOOO'C 

Silica decomposes PbSO* at 1030®C in accordance w ith the equation 

2PbSO* 4- SiO, = 2PbO SiO, 4- 2SO, 4- 0, 

this reaction being the basis of ‘dag toasting” This decomposition b> silica is 
governed by the viscositj of the lead silicates formed, the viscous slag cnseloping 
PhSO« and blockmg the action According to Mostow itsch, the most rapid decom- 
position and the lowest loss of lead by volatilization lies between the Bingulo- and 
bisilicate containmg 10 to 15 per cent SiOt 

FejOj also has a decomposing effect on PbSO« though in less degree than SiOj 
FeO, above 800®C , is oxidised by some of the O from PbSOi Iron at high tempera- 
ture 13 both oxidised and sulpburtzed 4Fe 4- PbSOi ■ Fe »04 -t- FeS 4* Pb) calcium 
IS sulphatised CaO 4- PbSO« — CaSO« + PbO, and metallic lead is oxidised 
Pb 4- FbSO, - 2PbO 4- SOi 

Carbon and carbon monoxide reduce lead sulphate to PbS, with the formation 
also, of Pb and SOi This double reaction explains the disappearance of S as SOt 
in the reducing fusion of a lead blast furnace In smelting the gray slag from the ore 
hearth as much as 50 per cent of the sulphur is usually expelled 

Seactions between Lead Oxide, Sulphide and Sulphate — Intimate mixtures of 
PbS and PbO and of PbS and PbSO<, such as exist in the roasting and smelting of 
lead ores, react in accordance with the follow mg equations to form metallic lead and 
SO, 

PbS 4- 2PbO » 3Pb 4- SO, - 52,540 cal 

PbS 4- PbSO» •= 2Pb 4- 2SO, - 97,S80 cal 
These two equations form, the basts of the roasting and reaction or air-reduction 
process Except for the fact that the gaseous product SO, is withdrawn from the 
furnace as fast as formed, both these reactions would reverse and equilibrium result 
If there is an excess of PbS or PbO over that called for by the equation, the excess 
remains unaltered If there is an excess of PbSO«, part or all of the lead is obtomed 
as PbO 

PbS -b 3PhO = 3Ph -V PbO -V SOx 
2PbS 4- 2PbO = 3Pb 4- H)S 4- SO, 

PbS 4- 2PbS04 « Pb 4- 2PbO 4- 3SO, 

PbS 4- 3R>S04 = 4PbO 4- 4SO, 

Plumbitea and Plumhates — The oxides PbO and PbO, form plumbites and plum 
bates with alkab, alkab earths, and some metallic oxides The orthoplumbate, 
CajPbO,, occurs m the blast roasting of lead sulphides w ith lime diluent* 

Lead Ferrite — The fact that m the crucible s^sa.) for lead the presence of FesO, 
acts unfavorably on the yields of lead is bdieved due, in part at least, to the formation 
of ferrite compounds, one of these having the formula PbO FeO 4FesO, Themeltmg 
point of PbO is low ered 133®C bj the addition of 12 per cent by weight of Fe,0, 
Lead Cklonde — This istonacd by the action of chlorine upon lead and in a chlond- 
iziBg roast of lead and its compounds The volabhty of PbCl, is the basis of a process 
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for the extraction of lead from its ores, the chloride volatilization process, in which 
the chloride fume is precipitated by being passed through an electrostatic precipitator. 
The solubility of PbCh in saturated sodium chloride liquor is also the basis of another 
process of lead recovery, the brine-leaching process, in which sulphide ores roasted in 
contact with sodium chloride are dissolved by strong brine solutions, out of which 
the lead is precipitated either electrolytically or on scrap and sponge iron. 

Lead Selenide and Tclluride {PbSe and PbTe ). — These occur as clausthalite and 
altaite and are formed by the direct union of components. They are readily decom- 
posed by roasting. Selenidcs and tellurides are found in the anode mud formed in 
the electrolytic refining of copper and lead, this mud being the raw material for the 
production of selenium. 

Lead Borates . — ^Lead oxide and boric trioxide melt together in all proportions, and 
the compounds formed are more fusible than the corresponding silicates. Advantage 
is taken of this fact in lead and silver assaying by the use of borax as a flux. Lead 
borates are used in the preparation of ceramic glazes. 

Lead Fluosilicale, PbStFe . — This is formed by the action of HiSiFc on PbO when 
some SiOz is precipitated. A solution containing about 8 per cent PbSiFe and 11 per 
cent free HjSiFe is used as electrolyte in the electrolytic refining of lead.- 

Lead Ores. — ^Lead and zinc are commonly associated in mineral deposits, some- 
times intimately mixed, sometimes sufficiently segregated so that one metal pre- 
dominates, but seldom free entirely from the other. The geological and geographical 
distribution of the two metals is, therefore, nearly identical. 

All lead ores contain substances other than lead minerals. Some of these sub- 
stances (e.g., gold, silver, or copper) can be recovered in the smelting process and may 
add much to the value of the ore. The common impurities in lead ores are silica, 
iron, lime, barytes, zinc, antimony, and arsenic. The first three (in minor amoimts) 
may be beneficial or detrimental in any given ore, depending upon whether the bulk 
of the ore supply of the smelter carries an excess of one or the other of these elements 
which, in proper proportions, are required in the smelting operation. On the other 
hand, zinc and, to a less extent, antimony are always detrimental and detract from 
the value of the ore unless separated from the lead before shipment to the smelter. 
Sulphur, a constituent element of galena, is not considered a deleterious element 
except that carbonate ores of similar grade are more valuable, since they are cheaper 
to smelt. Barj-tes and other less common constituents of lead ores, including traces 
of valuable metals (bismuth, cadmium and rare elements), are seldom present in 
quantities sufficient to affect the value of the ore to the miner. 

The more common ore minerals of lead are the following: 


Mineral 

Formula 

Percentage 
of lead 

Galena 

FbS 

86.4 

Ccrussitc 

PbCOs 

77.5 

Auglesitc 

PbS 04 

68.3 

Pvroniorphite 

3PbjP.O«.PbCl2 

PblNIoOi 

76.3 

AVulfenite 

56.3 

Janiesonite. 

PbSb-Ss’ 

34.1 



Galena is the most common ana imporiant or these minerals. The next three 
minerals in the list usually result from the surficial oxidation of galena, the sulphate 
being usually an intermediate stage in the oxidation to the carbonate. Pyromorphite 
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and -auKcnite arc of mmoi importance Jamc^nitc w conaitUrccl more an ore of 
antimonj than of lend 

Sphalerite weathers more rcndilj than galena and zinc, therefore it la often earned 
helow water level more rapidly and completely than lead lliis fact accounts for 
some mines changing from predominant]) lend mines to tme mines with greater 
depth Apart from the offer t of such eorondary enrichment, th« change « often 
encountered in primary ores nith inercaae in depth 

Important t% p< s of lead deposits am as followa 

1 Deposits formed at shallow depth in sedimentary rocks without apparent 
connection with igneous rocks Tlicse Ime esidently formed under conditions of 
temperatuTe niid pressure aj proximatiwg those of llie present surface Hies occur 
as tabular r(plnc< nients of reieptive sirala usually in Jimi-stones and ilolomites but 
ponietiiucs in qiiurtzitm or eherta nnd eoiiformahle s»ith the enclosing strata also ns 
irregular masses along faults in zones of lireeeiation in fissures joints, rreviccs, and 
cavities erraticslU distrihutid in the eamc rocks 

In regions of slightly duturbed strata (licoreslioots tend to follow pitching troughs 
Tlic ores of this type visually contain Kad (galena) ainc (sphalerite), and iron (p) rite) 
rtiincrala often manganese and cadmium eomctimea cobalt and nickel, but seldom 
gold, sil\ cr copper or antimonj 

The deposits of this tjpo arc of worldwide distribution nnd are often cxtcn«i\e 
and commctciaQy important Then greater pvinty and simplicity of treatment, 
particularly of the ores m thcif oxidized zone*, caused them to he exploited first and 
most extensively and to be the dominant factor in the world production of lead stone 
tune To this type belong, besides many others, the deposits of the Mississippi 
\alley and Silesia, between them producing 12 per cent of the worlds production 
in IfMO 

2 Deposits formed at shallow or intermediate depths genetically o&sociated with 
Igneous rocks characterized, by complex ores and comprising (a) \ cm deposits appar 
ently formed near the surface, (6) veins filled under conditions ol intermediate tem- 
perature and pressure (c) disseminated pyritic replacements of igneous rocLs, (d) 
silver lead replacements la limestone 

Gradations beta een all these ty pea arc found, nnd many districts hat e related ore 
bodies of more than one of these ty^pes, sometimes examples of all of them 

^Uh subtype 2a are classed certain deposits apparently formed near the rorfaee 
in genetic connection with igneous rocks and usuaUy occurring as t eins, but sometimes 
as stock works and pipes in t olcanic rocks and adjacent sedimcntarics, also as replace- 
ments m sedimentaries tvilh associated small contact tnetamorphic masses near 
Igneous contacts Ihe deposits are usually worked primarily for gold and silver, 
but small percentages of galena Ictraliednte, and sphalerite arc usually present 
The gangue is largely quartz, but adularia calcilc., rhodochtasiffis choilonite banfe 
fluorite, and pyrite arc often present and the presence of minerals containing arsenic 
antimony, bismuth, tellurium, selenium, and rarely tungsten and molybdenum is 
characteristic Successn e stages of mioeridization are often evident, and secondary 
enrichineat and alteration by descending waters hav e disguised some deposits 

The ores of the types 2b and c arc usually complex, comprising much of the same 
minerals of zinc, lead, copper, iron, gold, and silver, and often arsenic, antimony, 
bismuth, and other metals In subtype 2d, the silver lead deposits m limestone, zme 
IS apparently a minor factor, but often when followed to depth, zinc replaces lead as 
the predominant metal Many zme mines are exhausted silver lead mines 

To subtype 2o belong the deposits of the San Juan region and Lake City m Colo- 
rado, the Schemmtz deposits in Hungary, the Mapuni and Santa Lulalia deposits m 
Mexico, and the deposits of Insbach and I^reiberg in Germany , to subtype 26 belong the 
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deposits of Coeur d’Alene, Idaho; and to subtype 2c belong those of Bawd^vin, Burma, 
and Bidder, Siberia. Subtype 2d comprises the deposits of Leadville, Colo., Park 
City, Utah, and Sierra Mojada, Mexico. The importance of the ores derived from 
the deposits of the first three subtypes is due largely to smelting practice based on the 
use of lead as a collector of the precious metals. 

3. Deposits in veins originating at high temperature and pressure, in, or associated 
genetically with, igneous rooks. The ore minerals are blende, galena, pyrite, or 
pyrrhotite, quartz, calcite, garnet, rhodonite, etc. To this tj'pe belong the important 
deposits at Broken Hill, New South Wales, Australia. 

4. Igneous metamorphic deposits containing minerals characteristic of contact 
metamorphism. The ore minerals are galena and its oxidation products (cerussite 
and anglesite), blende, smithsonite, calamine, and a gangue of calcite, rhodonite, 
garnet, py oxene, hornblende, magnetite, and tremolite. Among the deposits of this 
type are those of Magdalena, N. M., and the Horn Silver mine, Utah, occurring on or 
near contacts of limestone with igneous rocks. 

Recovery of Lead from Ores. — Metallic lead has been recovered commercially 
from its ores almost exclusively by smelting in carbon-heated furnaces — either blast 
or ore hearth. Electric furnaces have been used for complex-ore reduction, but have 
not become of practical -atility, and it would seem that no great promise of develop- 
ment exists in this direction as far as lead is concerned, owing to the high volatility cf 
lead compounds at the operating temperatures obtained in electric-furnace work. 

Various processes intended to make available ores of low grade, or complex ores 
of lead and zinc, have received considerable experimental attention, and a number of 
commercial plants have gone into operation in the past using hydrometallurgioal 
processes. Among these, the brine-leaching method and the chloride volatilization 
processes are by far the most important, the former in the field of zinc-lead sulphide 
and oxide ore, and the latter more particularly in the field of oxidized and semi- 
oxidized and sulphide ores of copper, lead, zinc, and silver. 

The hydromctallurgical treatment of lead ore has been developed to the point 
where it can compete economically with concentration and blast-furnace smelting on 
some sulphide ores. The net recovery with concentration and smelting is approxi- 
mately 85 to 90 per cent; leaching, with or without roasting, will sometimes recover 
95 per cent. The mills and smelters already in existence will doubtless continue to 
operate, but the economic warrant for the erection of smelters may need to be more 
carefully considered in the future. In general, lead can be produced, at the present 
time, more cheaplj^ by smelting than by leaching, if the material to be treated contains 
over 12 per cent of lead. Improvements in concentration have removed some of the 
former advantages offered by leaching processes, and at the present time their field 
of application appears to be limited to those low-grade ores which arc not amenable 
to concentration to a point that will make smelting profitable. 

Brine-Leaching Methods. — ^These involve the roasting (sulphating or chloridizing) 
of the siilphidc, solution of the stable lead-silver compounds in acid brines, and the 
final recovery of the lead by electrolysis or, less frequently, bj^ precipitation on scrap 
and sponge irons. The free sulphuric acid in the leaching solution limits the solution 
of the load; when an average of 8 lb. of metallic lead per ton of mill solution has been 
precipitated, the same weakened solution can be returned and will dissolve more lead. 

.4n interesting plant, using the Tainton process of brine leaching, went into 
operation in 1923 in Idaho, the result of extensive experimenting for several years 
by the Bunker Hill and Sullivan Co. While this plant is not now derating, it is 
de.scribcd as an interesting and typical example of lead hj'drometallurgj' which may 
find some application in the future. In general, the Tainton process involves the 
roasting of galena to sulphate in an electrically heated rotary cylinder, at 500°C.; 
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the reino%al of soluble sulphates of manganese magnesium, and other metab by 
water wash the solution of lead sulphate m a brine that is saturated nuth salt and 



Fio 1 —Flow sheet, Taintos process 
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is thrown off the cathode by centrifugal force and floats out of the cell with the 
brine, or settles at the bottom of the cell, and is pressed into cakes for melting. A 
95 per eent extraction of the silver and a 95 to 98 per cent extraction of the lead is 
possible. The process was developed for application to tailing from lead concentra- 
tion and from electrolytic zinc production. 

The preliminary roasting of the galena is a simple low-temperature sulphating 
roast (400 to SOO^C.), without chloridizing, and the solution of the lead is made pos- 
sible by the presence of dissolved chlorine in the brine. Ordinarily, and in the major- 
ity of other brine-leaching plants, a chloridizing roast is utilized to convert the lead 
sulphide into soluble chloride form. 

Electrolytic-zinc plant tailings, lead sulphate flue dust, lead sulphate sludges 
from sulphuric acid chambers, oxidized ores of lead containing carbonate or sulphate, 
concentrating-mill tailing containing lead and silver sulphides, and complex zinc- 
lead-iron-sulphide ores comprise the products to which brine leaching is adapted. 

In similar processes brines, containing dilute hydrochloric acid and also sulphuric 
acid, are applied in some cases directly to the raw sulphide ores, attacking the galena 
and leaving the zinc sulphide largely untouched. 

The features of the treatment of an ore by such a process are the leaching by agita- 
tion of the unroasted ore in a hot brine solution containing a small quantity of hydro- 
chloric acid; filtration and washing with hot weak solution and water; precipitation 
of the silver by means of lead in some form; precipitation of the lead by cooling the 
pregnant solution ; and reduction of the lead by melting with a mixture of lime and 
coal dust. The solutions are circulated through spray heaters for re-use. The lead 
precipitation is based on the fact that a hot liquor at 90°C. will hold 8 to 10 per cent 
lead, whereas when cooled to SO'C., only 1 per cent will remain in solution. 

In another similar process the chloridizing roast is eliminated. When ground very 
fine, galena will dissolve in a hot saturated and acidulated brine. 

Brines carrying ferric chloride are adapted to removing silver, copper, and lead 
from complex sulphide ores, and have been used in many processes. Ferric brines 
are more widely used for teaching prepared ore than for attacking raw ores. Chlori- 
dized lead can be dissolved in a neutral brine; the silver is so easily precipitated from 
the solution on such substances as zinc sulphide that almost invariably the brine 
must also contain small amounts of acid or of ferric chloride or cupric chloride, all of 
which tend to redissolve any precipitated silver sulphide. A practical method for 
removing lead and silver from zinc sulphide, developed in Australia, consists of mixing 
the ore with sufficient zinc chloride to supply 33 per cent excess chlorine over that 
necessarj' for combining with the lead, silver, arsenic, antimony, and tin in the ore, 
and heating to 400 to 500°, out of contact with air. Chlorides of antimony, arsenic, 
and tin are volatilized, and chlorides of silver and lead remain in the anhydrous mass. 
These are leached in brine containing hydrochloric acid and ferric chloride. 

Chloride Volatilization Processes. — These processes involve the chloridizing roast 
of the ore and the precipitation of the fume so produced by electrostatic precipitators. 
Except for the limitation of fume recovery to electrical apparatus, chloride-volatilizing 
methods arc, in general, adapted to a wider range of ore and are less sensitive to 
trouble than the brine-leaching processes. Metallic-chloride vapors condense as 
colloidal particles of fume, each surrounded by an adsorbed film of air or gas, which 
prevents collection by any means other than electrical precipitation. Such particles 
pass untouched through water and most scrubbing devices, but are efficiently col- 
lected in the electrostatic precipitator. Baghouses will make a high recovery, but 
the corrosive action of the fume rapidly destroys the filtering fabric, and the fact 
that most such chloride mixtures are hygroscopic causes the precipitated fume to 
blind the fabric and render the baghouse ineffective. 
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The application of chlorine m leai metallurgy la important and is discussed else- 
i\hcre m the present volume 

Smelting Processes — ^The smelting of lead ores is based on three principles (1) 
the reduction of lead ovide by carbon or carbon monoxide, (2) the reaction between 
lead sulphide and lead sulphate or oxide, resaltmg m a double decomposition u ith the 
formation of lead and sulphur dioxide, and (3) the decomposition of lead sulphide hi 
metallic iron All these three reactions are endothermic, t e , they require heat 
supplied extraneously 

1 The first principle is the basis of what is known as the roast-reduction (or 
blasUfumace) method of smelting, in which lead ovide, lead silicate, or other oxidized 
compounds must first be prepared from sulphide ore by a roastmg operation 

2 The second is what la known as the roast-ieaetion or air-reduction method — 
the basis of reverberatory and ore-hearth smelting 

3 The third is the basis of the precipitation method 

All these methods are employed commercially in the United States at the present 
time, either alone or in combmatioo, the latter bemg morn commonly the case In 
practice, the principles are not so distinct as theoreticaby stated, the reactions funda- 
mental to one process invariably play a certain part m the other processes 

If a lead ore were absolutely pure, there would be no other consideration m the 
smelting processes than those reactions which relate to lead and its chemical com* 
bmations Practically, lead ores are never pure, the valuable minerals bemg mixed 
with a certain proportion of foreign matter, which must be separated by the formation 
of a slag In the roast-reaction method of soelting, no slag, properly speaking, need 
be made, the molten reduced lead being liquated out from the impurities However, 
the latter will still retain a high percentage of lead, and in order to effect a high degree 
of extraction from the ores, they must be subjected to a further smelting process m 
w Inch a true slag is made In making a slag, the object is to combine the impurities 
into a fusible silicate, which, when molten will be of comparatively low specific 
gravitj , in order that the heavier lead will settle to the bottom of the crucible of the 
furnace w here it may be draw n off separatelj w bile the lighter slag w ill float on top 
In addition to the slag and metal, there is formed, usually, a third ifubstance, matte, 
which is lighter than the metal but heavier than the slag Under certam circum- 
stances, a fourth substance is formed which is called speiss, this is lighter than the 
metal but heaner than the matte and, therefore, forms a molten layer between the 
two Matte is an artificial sulphide, consisting in lead smelting of the sulphides of 
iron, lead, and copper It owes its origin to the mcomplete elimination of sulphur 
from the ore, but is formed intentionally m lead smelting as a means of removing the 
copper aa a separate product Speiss is formed as the result of the presence of arsenic 
or antimonj in the furnace charge It usually approaches iron arsenide or antimonide 
m composition and acts as a collector for other metals such aa nvckcl and cobalt 

llie difference betw cen lead smeltmg m pnnciple and m practice is chiefly due to 
the incompleteness w ith w Inch the basic reactions are earned out and the qualifyiflK 
effect of the impurities that arc commonly met with m ores Thus certam metallic 
impurities are rcduceil with the lead, rontaminating it and necessitating a subsequent 
refining procees Other impurities affect the composition of desirable slags Others 
affect the running of the furnace in various wajs 

If the ores are free from silier, the lead resulting from the smeltmg process la 
usually market grade after it has undergone a slight purification by liquating and 
cooling To a limited extent the so-called sihcr-free (Mississippi Vallej ) lead under- 
goes treatment l»y the Parkre desilverizing process, aa the amount of total iropuntics 
present is considcrablj reducoel, and the pnee received as a premium for the better 
grade of lead and the small amount of siK er recovered makes the operation profitable 
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If the ore is argentiferous, as is the case ■with practicallj’’ all districts outside the 
Mississippi Valley, the silver passes, for the most part, into the lead bullion, and the 
latter is then desilverized by either the Parkes or the electrolytic process. 

The smelting of lead ores is carried on in three types of furnaces: the reverberatory, 
the ore hearth, and the blast furnace. Of these, the first has become almost obsolete; 
the ore hearth in recent years has become of considerable importance with a limited 
class of ores; the blast furnace remains the leading method, since it can treat eco- 
nomically all kinds of ores. 

Development of Smelting Processes. — ^The most primitive form of lead smelting 
in the United States was practiced with the log and ash furnaces in Missouri prior to 
1850. They employed the roast-reaction sj^stem of smelting and were applicable 
only to nonargentiferous galenas of verj'^ high grade in lead. The}’^ were for the most 
part displaced about 1840 by the Scotch-hearth furnace. Later, reverberatorj' fur- 
naces of the Flintshire type went into use, but never extensively nor with such success 
as to develop a permanent metallurgical practice. The Scotch hearth, however, has 
surrdved, and in its modern development is the basis of a highly efficient process in the 
treatment of certain classes of ore, especially high-grade nonargentiferous galenas. 

Neither the Scotch-hearth nor the reverberatory furnace is well adapted to the 
treatment of argentiferous ore, or to the treatment of ore containing less than 60 per 
cent lead, while the smelting of carbonate ores •alone by either method is not feasible. 
Neither gives a finished slag or waste product at one operation that can be discarded, 
and final treatment of their product is usually completed in the blast furnace. For 
these reasons, by far the major part of the world's lead is produced by smelting in 
the blast furnace. 

In smelting any type of lead ore by anj' method, the sulphur must be largely 
removed and the impurities must be combined in a slag, fusible at approximately 
1100 to 1200°C., and of specific gravity not to exceed 3.6. In blast-furnace smelting, 
the slag must be of a composition that wiU form at the right point in the smelting 
process, will be thoroughly liquid, in order to ensure a satisfactory separation from 
the matte, and will require the minimum consumption of fuel, the chief part of 
which in blastfurnace smelting is always consumed in effecting the formation of 
the slag. 

The sulphur is eliminated in various waj’-s, which may be enumerated as follows: 

1. Roasling . — Lead ores are usually low in sulphur and therefore are not self- 
burning in the ordinary roasting furnace. As the decomposition of lead sulphate is 
effected only by reaction ■with silica, forming lead silicates, the necessary temperature 
must be supplied chiefly by the combustion of carbonaceous fuel. The roasting of 
lead ore may be done in three ways. 

a. Ordinary roasting in which the ore is simply desulphurized, at the same time 
being more or less sintered. Often the ore is partially fused, so that upon withdrawing 
from the furnace it crusts or may be pounded into cakes. 

b. Slag roasting, in which the ore is completely fused. 

c. Sintering, in which the sulphides arc self-burned and sintered under air blast, 
either pressure or suction. 

The object of roasting is to reduce the sulphur to as low a point as possible, without 
entailing undue losses in other directions. The sulphur is more completely eliminated 
by sintering than by ordinary roasting, and more completely by slag roasting than by 
sintering. At the same time, the loss of lead by volatilization is heavil}- increased, 
and in slag roasting it is so high that the process has been abandoned in the United 
States, save in one or two instances. Ordinary roasting, by which the sulphur is 
reduced to about 4 per cent, is supplemented by sintering to reduce the sulphur still 
further and to produce a blast-furnace material of desirable character. 
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Tig 2 — BGTvkeT Sv^^waTi 'JAnaag & STaalteag Co ’a fe\as^ iataa«.e 









Flc. 3. — Lead blast furnace used at Midvale after 1919. 
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The practice of tho/metallurgy of lead has resolved it«olf at the present time into 
smelting in the blast firnace for silver-bearing ores and smelting m the Scotch hearth 
for silver free ores In both kinds of sraeltmg the smoke and fume are filtered in 
baghouses usmg w ooHn or asbestos bags Electrostatic precipitation is vv ell adapted 
for the collection of /ume from all lead-smelting operations and is cheaper in first 
cost than large bagtouso installations It has been universally adopted for lead- 
roaster and sinter piint fume collection, since these gases usually carry elemental 
sulphur which frequtntlj causes dtsastrous fires and explosions m bagbouses 

t\ith proper fune collection, smeltmg in the blast furnace jnelds an overall 
rccov crj in bullion (jf 95 to 98 per cent of the lead charged Recoveries of 9S per cent 
lead arc obtained i| smelting high grade galena ores in the Scotch hearth The two 
methods of smeltii^ are applied under radically different conditions In silver-lead 
smeUmg in the blait furnace, the prime function of the lead is to act as a collector for 
the precious metab The percentage of lead in the blast furnace charge m different 
smelteries ranges from 10 per cent, in blast-ameUmg crude ores to as high as 50 per cent 
where the charge is practicallj all euilcr produced from high-grade concentrate 
In any case the eroportian of slag to ore that w made is much higher than in the 
treatment of hig.^ grade galena ore m the Scotch hearth, and consequently loss of 
metalmtheaUgtshighcrui the blast furnace 'Hie Scotch hearth method of smelting 
has been confindl to the treatment of nooargenttferoua galena containing 60 per cent 
of lead or upwaid This method of smelting has been improved by the introduction 
of the ^eIvnam mechanical rabblcr, which haa reduced labor and improved working 
conditions, an important item m view of the seventy of the latter, especially in hot 
weather 

The Blast Flimaee —The lead blast furnace has become in recent years practically 
stanilardised at modern plants Materials going into and products coming out of 
the furnace an handled in almost as many different ways as there are plants m the 
industry, but jn this re«pcei also there is a tendency toward standardization, as hand 
labor become* gradually replaced by mechanical equipment LiCnd blast furnaces 
have certain common featuri*< m general the following rectangular-horizontal 
section, tapering sides with boshes, straight end, a w alcNjaekctcd smeltrng zons, 
internal cnicjlilc, and the Atenls siphon tap for bullion The circular w ater-jseketed 
furnace is UTd only to smelt at intervals small quantities of intermediary products 
of a rcfincry'j or for ore smelting m remote localities The bnek shaft commoa with, 
most ore furnaces has in some plants been replaced m its low cr portion by steel w ater 
jackets Furnaces having an entire shaft made up of water jackets ate successful, 
but there is some question of the ncc«^<«ily of the lop tier of jackets, and the fuel 
consumption is said to be higher on such furnaces 

With the increase m «ze of furnaent and of smelting plants, the transportation 
vrt'htnkVt/h'fwd.h/y 'rti{nftinff,’v,'i<w>liwruv»wniVin;vin*iy jJnnfia’iJBCKmunTipwsW/t 
and reliance on hand labor for manipulation less and less efficient These early 
methods have given way to mechanical traction and handling The necessary 
apparatus fer removing slag from the early small-aizc furnaces treating mainly oxide 
ores consulted simply of pots pushed by laliorera As oxide ores were replaced by 
sulphide, matte handling became a problem in connection with slag handling, solved 
by extra sottEng pots which have now given way to largo forchearths As tonnages 
continued to increase and spem, drosn, furnace accretions, and refractory slag"’ 
came into the picture ui the various smelting eenten compressed air, water, steam, 
and electric power were brought into play, and nvechanical traction, slag granulation, 
and mechanical furnace manij’uhtion in general am found throughout the industo 

The waste gases in early lend smelting escaped to the atmosphere, carrying damage 
to crops and man in the immeiliatc vicinity of the plant and resulting in a very con- 
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siderable loss of metal values. In later periods, settling chambers for catching dust 
from the smoke stream were provided; these have been supplemented and replaced 
by baghouses for filtering and by electrostatic apparatus for precipitating the dust 
and fume. The primitive blowing engines, adequate for blast requirements at first, 
have been superseded by rotary positive pressure blowers and centrifugal compressors. 

General Features of Blast-furnace Design. — The weight of a modern furnace 
with brick shaft is something over 100 tons. The shaft, the heaviest part, is carried 
on four cast-iron or steel columns, one at each corner, resting on a concrete foundation 
extending about 3 ft. beyond the bedplate and supporting columns. 

A comparative tabulation of data of design and operation ol blast furnaces, based 
upon a tabulation originally prepared by Hofman,^ is given in Table 4. 

The horizontal section of the furnace is rectangular, the width is most commonly 
48 in., ranging from 36 to 63 in. The distance between tuyeres is limited owing to 
the excessive blast pressure that would be required to penetrate to the center of a 
larger furnace and that would cause excessive volatilization of lead. When furnace 
charges consisted largely of fine material, the usual distance was 42 in., and this is 
still a common diameter of small furnaces. With sintered ore and a coarser charge, 
this dimension increased to 54 and to 63 in., although 44 and 48 in. are the more 
common figures. 

Enlargement of the lead blast furnace has taken the direction, inevitably, of ' 
increased lengths rather than width, doubling from the original 60 to 120-in. and later 
increasing to 160, 192, and 270 in. The limit to which the length of a lead blast 
furnace can be efficiently increased is an open question. A normal crew can serve 
a furnace, say, 192 in. long; if this length is increased, additional men are necessary, 
and the additional tonnage obtained may not be equivalent to the added cost of 
labor. No great success was at first attained in imitating, on the lead furnace, the 
great increase in length that brought about such a notable development of the copper 
blast furnace. Some experiments with furnaces of this type were made as early as 
1915 in which the furnace design amounted to practically two normal lead blast 
furnaces placed back to back with double complements of slag tap and lead well. 
The balance in a lead blast furnace operating on crude ore is a more delicate one than 
in a copper furnace, which probably accounted for the failure of many such furnaces 
to operate successfully. When a lead blast furnace becomes unsatisfactory in opera- 
tion, it is usually cheaper to blow down the furnace, bar out, and start fresh instead of 
attempting to nurse it back to normal work. With a copper furnace this is done more 
readilj’-, and with less loss of metal. 

The operation of the lead blast furnace on crude ore and with a small proportion 
of smter is delicate owing to the large number of variables that are beyond the control 
of the furnace operator. However, the increase in percentage of sinter on the charge 
has resulted in greater uniformity in the condition of the charge in all respects, and 
the operation has become much more stable. 

.^t Trail, B.C., e.xperiments with increased ividth and length and smaller tus’-fere 
diameter led to the development of a blast-furnace design shown in Fig. '4. This 
furnace is 270 in. long and 63 in. wide at the tuydres. The bosh increases the width 
to 84 in. at 5 ft. S in. above the tuyeres. The furnace has 36 2 J^-in. tuyeres on each 
.side, and these have been shown to give a much better distribution of air than the 
smaller number of larger tuyeres. 

This furnace has been very suecessful in operation and has developed a much 
higher smelling rate than narrow furnaces of the same length. 

The vertical section of a lead blast furnace is marked by an inward “bosh ” of the 
side w.all and a contracted tuyere section. This contraction secures a more rapid 

' lloKMAJf, ‘‘Metallurpy of Lead,” McGraw-Hill Book Company, Inc., 191S. 
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Charfco almost exclusively pray alag from ore hearths. 
SmoUing discontinued, 1U35. 
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Ttiy^ro ratio *» Aqiiaro inch tuyere area: square feet hearth area. 
GimKo almost exclusively Rray altiK from ore hearths. 

Smelting discontinued, 1035. < Smelting discontinued, 1933. 
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combustion and concentrated intensified heat, resulting in a quicker fusion and more 
complete decomposition of lead sulphide. When, higher up in the shaft, the width 
is suddenly increased by the boshes, the gases formed at the tuyeres are checked 
in their upward velocity and more evenly difliused through the descending ore column, 
giving up their heat to the charge and preparing it for subsequent fusion. In addition 
the spread of the gases decreases the amount of flue dust carried out of the furnace. 

The ends of the furnace are usually without bosh, although some of the earlier 
plants have end bosh as well as side. Experience generally indicates that the end bosh 
tends to bring about wall accretions. 

Extending upward from the rim of the crucible to the bottom of the brick shaft 
are the water jackets. These are double-walled steel sections through which water is 
circulated. They enclose the smelting zone and prevent corrosion of this portion of 
the shaft by slag. The height to which the shaft is water-jacketed varies in furnace 
design; however, complete water-jacketing of the entire shaft is generally considered 
undesirable or unnecessary. 

A substantial heat loss, as high at 10 per cent, occurs in the jacket waters. This is 
reduced and a more uniform operation secured by a closed, or thermosyphon, system 
for circulation of the cooling water. 

The tuyeres are circular orifices through the jackets, 2)4, to in. in diameter, 
usually placed about 13 in. above the rim of the crucible. Through them the blast of 
air is introduced into the smelting zone. They are placed along the sides and some- 
times in the back of the furnace. The side tuyferes are spaced 6 to 20 in. apart. 
The modern furnace takes 6000 to 8000 cu. ft. of air per minute. 

The hearth, or crucible, enclosed in brick, concrete, and ironwork, extends from 
the foundation to the bottom of the jackets. The lines of the crucible are usually 
a continuation of those of the shaft, and the depth of the crucible ranges from 20 to 
36 in., commonly about 30. The crucible, except with very pure bullion, gradually 
becomes filled with a dross of higher melting point than the bullion, except at the 
point adjacent to the siphon tap where the temperature is kept higher by the constant 
withdrawal of bullion. As a result, in most furnaces the crucible is filled with brick 
or concrete to form a sloping hearth draining to a small wall or siunp at the front con- 
necting to the siphon tap. 

The Arents siphon lead tap is an opening in the side wall of the crucible. It con- 
sists of an inclined square channel about 8 X 12 in. in cross section, leading from the 
bottom of the crucible side wall, inside, to the top on the outside. At its top, outside 
the furnace, the channel is enlarged into a bowl-shaped basin, called the lead well. 
This tap is placed either at the middle of one of the sides or, preferably, a little toward 
the front of the furnace. AtTien the furnace is running, the crucible should remain 
full, or nearly full, of lead. The lead in the well will stand higher than the level 
inside, owing to the pressure of the blast and weight of the charge on the interior 
surface. The discharge of the lead well is at a level 4 to 10 in. above the top of the 
crucible. The furnaceman keeps the lead in the well at a height that maintains the 
lead in the crucible at the top of the hearth, gauging this by experience in tapping. 
Ordinarib', the furnaceman will close up the lead discharge periodically in order to 
force the lead in the crucible to rise to a level where some begins to run out with the 
slag, so that he may know that all speiss, matte, and zinc mush have been cleaned out 
of the furnace when the furnace slag is tapped “to a blow.” With charges running 
high in lead, 30 to 45 per cent, the lead overflows continuously from the well into a 
suitable lead kettle at the side of the furnace; with 10 to 15 per cent lead on the charge 
the well is tapped at interv.als. 

Handling Ores and Products. — ^The blast furnace may be considered as the objec- 
tive point on which turns the entire transportation sj-stem and flow sheet of the plant. 
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The receiviDg and disposing of raw matenab, fluxM, fuel, ores, for the blast furnace 
and the disposal of its waste intermediate and primarj products, form part of the 
general arrangement of the whole 'unelting plant, involving also the samplmg and 
storing of materials, roastmg and preparing smelting charges, and the disposition of 
power, water, and other necessarj factors All this involves an engineering problem 
of considerable magnitude, detail mention of which is bej ond the scope of the present 
discussion In sections of the first volume will be found the treatment of sam- 
phng, fuel roasting and smtermg, power, fume collection, slag, and other phases of 
smelting procedure that are more or le«3 common to reduction plants for all metals 

Briefly stated the products of the lead blast furnace are disposed of as follows 

1 Lead — Crude lead from the lead well is usually transferred to a dressing kettle 
of 30 to 250 tons capacity n here it is freed from impurities held in suspension or solu 
tion Thia IS accomplished by dressing or “poling” (mechanical stirnng of the molten 
lead by means of compressed air or steam) and by the addition of sulphur The 
impurities that rise to the surface are slightly oxidized drosses and remain on the 
surface of the bath, from sihicb they arc removed by skimming with a perforated 
disk or spoon The agitation exposes new surfaces contmually to the air, resultmg 
m the alow nxidumg oi copper, sulphur, arsenic, antimony , zme, and iron which col 
lect on the surface as a dross When sulphur is added as a dressing reagent, the copper 
IS remoi ed as a sulphide The kettle of molten lead is allowed to cool to about 480°C 
before the dross is removed After the dross is removed, the lead is au agitated until 
the temperature drops to about 360’C , removing constantly the accumulating dross. 
The temperature is then slightly raised (to about 380*C ) for the taking of “gum* 
drop” samples (small ladle samples weighing 0 5 assay ton each) and then to about 
425*C for casting the lead Thedrossusuallygoesback to the blast-furnace charge, 
after being freed by liquation or pressing of much of its occluded lead 

Separate smelting of the dross in a reverberatory furnace for the production of 
matte and bullion is a recent development This reduces the production of matte 
in theblast furnace and ehmmates the recirculation of a considerable amount of copper 
and antimony 

2 i/utU and Slag — An imaginary cross section of the crucible of an operalmg 
furnace s\ould shovi the crucible filled with lead and floating above the lead, speiss, 
matte, and slag m the order gi^ en The lead leaves the crucible through the siphon 
tap, which takes off at the bottom, and the other products are tapped through the tap- 
hole at the front of the furnace, intermittently, into an external receiver or forehearth, 
m which they separate m accordance with their specific gravity, speiss at the bottom, 
matte above speiss, and slag above matte On topof the normal matte there is usually 
found a zinc mush which separates with difficulty from both slag and matte 

This zme mush, inside the furnace, and outside as well, is the bane of lead furaace- 
men and melafiurgists, it is the root of furnace troubles which may lary in intensity 
from merely unsatisfactory assays (metal losses) to the entire loss of the furnace 
through freezmg or slagging (mushing) of tuyeres More than any other single 
factor, the solution of the zinc mush difficulty la to chminate the pos«ibihty of its 
formation, primarily , by the exclusion ol zinc-bearing materials from the charge, or if 
this IS impracticable, by ensuring the dead roasting of all zme sulphide of the charge 
Zinc combined with sulphur spells trouble, zme combined with oxygen is handled and 
slagged with comparative case Zme eatuing the blast-furnace slag is no longer a 
total loss, but in modern practice is recovered with a considerable portion of the lead 
by further treatment of the slag Improvements in selective concentration and in 
sintering practice ha\ e been the largest factors in meeting the zinc situation There 
ore two other points in the lead blast-funiace manipulation of zinky charges that, 
although not so generally known, are rerognized at certain plants as of almost equal 
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importance in combating zinc troubles. At Namtu, Burma, where slag zinc runs up 
to 30 per cent ZnO, it has become recognized that zinc troubles are not always sulphur 
troubles. 

Some of the most troublesome work on record at the Namtu furnaces occurred 
when the physical condition of the sinter was quite up to the average, with sulphur 
only 2 per cent, furnace clean, coke good, and when the analysis of the resultant slag 
was in line with their best type. Trouble appeared because, although the zinc and 
iron w'ere in the charge in the correct proportion, they were not there in the correct 
condition. No troable is encountered when the iron necessary to satisfy the slag 
demands of the zinc exists in the charge in intimate association with the zinc and when, 
also, a comparatively small amount of slag material has to be made to carry the zinc 
in the concentrator; it is a really troublesome matter when the iron requisite for a 
heavy zinc charge has to be supplied almost entirely, as at Namtu, by the addition 
of limonite and, to obtain satisfactory combination, a considerable heat reaction is 
required. At Namtu, it is also to be noted that a slag fall of 2 to 1 is obtained by the 
amoihit of slag that has to be formed to carry the zinc, even when this slag contains 
30 per cent ZnO. 

At Cockle Creek, New South Wales, control of zinc troubles had been secured, 
prior to the shutting down of this plant of the Sulphide Corp., by smelting methods 
that were almost unique in lead blast-furnace practice. A combination of high ore 
columns (26 to 28 ft.) and high blast pressure (approximately 70 to 75 oz.) maintained 
an intensity of temperature at the smelting zone and a drive of the furnace that 
resulted in remarkable freedom from zinc accretions and trouble and gave slag 
carrying well under 1 per cent lead, with no unusual losses in any direction. 

Where matte is made in appreciable quantities, large movable forehearths (about 
8X4X4 ft.) receive the stream of slag and matte tapped from the furnace. The 
matte and speiss produced are trapped and accumulate in the forehearth, while the 
slag overflows from the top. At intervals, the matte and speiss are tapped through 
the side of the forehearth. The w'aste slag pots are removed by a locomotive and the 
slag disposed of either by pouring over the dump or into a granulating apparatus. 
In most large smelteries, this molten slag is now transferred to a slag-blowing furnace 
where the zinc and lead are largely removed as a fume and collected. 

Formerly, all shells and crusts from wmste slag pots w’ere brought back to the 
blast furnace for resmelting, because of enrichment of lead and silver in the shell, 
fluxing requirements, and beneficial effect on the blast-furnace charge, but the practice 
of recent years tends to discontinue the resmelting of slag shells, substituting the 
resmelting of forehearth bottoms. Two forehearths in series are frequently used, 
W'ith consequent throwdng awmy of the entire contents of the slag pots. In a few 
instances the slag-matte mixture tapped from the blast furnace is transferred to a 
small reverberatorj' settling furnace from w’hich matte and slag are intermittently 
removed. In some instances, granulating places the slag in a form that can be easily 
disposed of b5^ sluicing aw-ay, w'hen sufficient water is available; it also provides a form 
of slag w’ell adapted for mLxing with the sinter charge. Most large smelteries in which 
a considerable amount of zinc enters the blast-furnace charge now re-treat the blast- 
furnace slags by blowing. A large part of the zinc and lead contained in the slag is 
removed as oxides and is collected in the form of dust or fume in baghouses and cooling 
flues. A considerable tonnage of slag reclaimed from old dumps is being re-treated 
for recoverj'' of its zinc and lead content by tliis method. The blowdng furnace 
resembles a blast furnace in general construction. It has a rectangular water- 
jacketed shaft with tuyeres along each side a short distance above the bottom. Mol- 
ten slag is poured in at the top of the shaft to maintain a depth of molten material 
above the tuytre line. Pulverized coal is blown in with compressed air through the 
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tuyeres into the hath of molten slag, the smc and lead oxides m the slag are reduced 
and the metal vapors are reondiaed m a combustion chamber above the surface 
of the slag and are carried away thnn^h flues to the collecting equipment The 
molten slag after blovrmg « tapped out ot the furnace and disposed of 

The matte contains silver, gold, lead, and copper and must all be re treated 
Three methods of re treatment are m common use (1) The matte is crushed or 
granulated mixed mth the roaater or smter feed and desulphurized before being 
returned to the blast furnace (2) ITie matte is rcsmelted as a separate operation of 
matte smelting ' to lower the lead content by replacement with iron and to con 
centrate the copper content to a point where the matte may be sold to a copper smelter 
(3) The matte is treated in a standard basic lined copper converter, with or without 
the addition of siliceous fluxes Air is forced through the molten matte at a tempera 
ture of 1100° to 1200°C , oxidizing the S, Fe, and Pb The iron is slagged as silicate 
by the fluxes or as molten FeiO« if no fluxes are added The lead is slagged or driven 
off with the sulphur as a basic lead^siitphate fume The Cu, Ag, and Au remain 
and are combined wnth copper matte and reduced to metal by a contmuation of the 
converting operation The lead bearing slag and lead fume produced m the con 
verting operation are re treated in the blast furnace 

3 Fume and Dust — Hoods are placed at all points around a blast furnace where 
fumes arise the pipes from all hoods lead to a mam flue and exhaust fan which deliver 
to a baghouse or electrostatic precipitator The gases and dust issuing from the top 
of the furnace combmuig with, the fumes from the tapping floor, travel through flues 
and chambers m which the} drop most of their dust, and then to special condensation 
or filtering apparatus The methods for recovery of Sue dust and fume at lead smel* 
teries and refineries may be classed as dry, wet, and electrostatic In Chapter XII 
of the first volume the subject of dust treatment is discussed in greater detail 

Chemistry of the Lead Blast Furnace — ^Ilie charge — ore, flux, and coke— fed 
at the top of the furnace is subjected as it descends through the shaft, in about 8 hr , 
at gradually increasing temperatures, to chemical reactions and ph}^ical changes 
that transform it into lead bullion, speias matte, slag and gases Hie two processes 
prmcipall} involved are reduction and precipitation, and incidentally sulphunzatioo, 
at temperatures ranging from 1100 to 1200*C at the tuyere level to 150°C at the 
throat 

The principal reduemg agents are C and CO The carbon, supplied by the coke 
(normally 8 5 to 13 per cent of cha^e) acts on metallic oxides as soon as the tempera 
turc rises to a point where its affinity for oxygen is greater than that of the metal that 
13 combined with the oxygen this action begins at about 400°C The products of 
oxidation are COj and CO The former results if the metalhc oxide is easy of reduc- 
tion, saj below 1000°C , the latter if the oxide is difficult of reduction, perhaps above 
1000°C The reducing action of CO, which begins at about 200°C , increases with 
temperatures up to about 10(X)°C , bound which point it falls off rapidly 

The principal agent of precipitation is iron Other metals act as precipitants 
also, in conformity with their affinities lor sulphur Xach metal will displace from 
sulphides other metals whose affinity for sulphur is weaker According to Foumet 
such replacement is in the following order 

Cu— F e — {Co— Ti i)— Sn — Zo — Pb— Ag — Hg— Au — As — Sb 
The more recent work of Schutz places the acnes m a slightly different order, as 
follows 

Mn — Cu — Xi — Fe — Sn — Zn — Ag 

Precipitation, or decomposition of sulphide bj metal, begins at about 900°C and 
IS at a maximum at tuj 6re level, where the furnace temperature is around I200°C 
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The precipitation reaction is reversible, however, and the complete decomposition of 
the metallic sulphides by iron is thus counteracted to some extent. 

Descending Ore Charge. — In considering the changes in the descending ore charge, 
it is convenient to distinguish four zones: the zone for preparatory heating, 100 to 
400°C.; the upper zone of reduction, 400 to 700°; the lower zone of reduction, 700 to 
900°; and the zone of fusion, 900 to 1200°. There is no sharp line of demarcation 
between the zones, one passing over into the other; the reactions beginning in one zone 
may be finished only in the next or perhaps even the second lower down. The process 
of heat interception is continuous from the tuyeres to the throat, or from 1200 to 
100°C. 

1. Zone of Preparatory Heating (100 to 400°C.). — The charge fed into the furnace 
first gives up its hygroscopic water, then that which is chemically combined. Clayey 
material, limonites, and some other hj'’drates give up only part of this water at 400°C. 
The evaporation of water absorbs heat and thus assists in keeping the top of the 
furnace cool. 

2. Upper Zone of Reduction (400 to 700°C.). — The decomposition of hydrates 
continues, the dissociation of carbonates and of some sulphates begins. The reducing 
effect of CO, which theoretically begins at 200°C., becomes noticeable only at about 
400°, and increases with rise of temperature up to about 900°. It will, therefore, be 
an active agent in reducing PbO completely to Pb, and PbS 04 partly to PbS; it wiU 
also start the reduction of Fe 203 . The C of the coke, which begins to act reducingly 
at about 400°C. and increases as the temperature rises, will change PbO completely 
into Pb, and PbSO^ partly into PbS; it will assist CO in its reduction of FejOs, and will 
transform CO 2 of the gas current into CO. There will further take place reactions of 
PbS 04 and PbO and PbS, setting free Pb and SO 2 . 

3. Lower Zone of Reduction (700 to 900°C.). — The reactions started in the preceding 
zone continue and are in part completed; the effect of C becomes more marked than 
that of CO. The CaSO^ in sintered ore as well as BaS 04 in raw ore are more or less 
reduced to CaS and BaS to be dissolved later on mainly by the slag. The dissociation 
of carbonates is about completed, CaCOj at 910°. The union of SiO^ with unreduced 
PbO and PbS 04 begins, as does the decomposition of PbS, PbAsi, and PbSby by Fe; 
sulphurization of Cu begins at about the same temperature. Matte of eutectic com- 
position begins to soften. Everything is prepared to be liquefied and to bring to 
completion the chemical processes. 

4. Zone of Fusion (900 to 1200°C.). — The reductions of oxides, including ZnO, 
and decompositions of sulphides are completed; ascending Zn vapor is oxidized and 
sulphurized. Lead reduced in the upper parts of the furnace trickles through the 
charge, picking up Ag on its way, and acting possibly upon lead arsenate and antimon- 
ate; it joins the Pb set free lower down from PbS, PbAsi, PbSby and continues to take 
up Ag. The sulphides of eutectic composition, which softened higher up, become 
liquid and dissolve other sulphides to form matte with a melting point lying below the 
of slag formation. The slag components Si02, FeO, and CaO form a slag of lowest 
formation temperature and this, trickling downward, dissolves the remaming Si 02 , 
IfcO, CaO, as well as other bases, such as AI 2 O 2 and ZnO. Scorified PbO is set free 
and reduced by C to Pb. The three main products — ^lead, matte, and slag — settle in 
layers according to their specific gravities; load passing downward through slag and 
matte robs them of some precious metal; matte in a similar way removes Pb, Cu, and 
• B from the slag; at the contact planes of the products, interchange of components 
takes place to a moderate degree with a tendency to collect sulphide in matte and 
metal in lead. The lead passes off through the lead well; speiss, matte, and slag are 
tapped into the forehcarth, from wdiich slag overflows into a waste-slag pot or granulat- 
mg apparatus, and speiss and matte are tapped periodically into suitable receivers. 
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Mechanical Feeding of Charge — TTie metallui^ical and practical success of a 
blast furnace operation depend as much on a proper physical condition of charge and 
its accurate distribution in the furnace shaft as on the actual constituents of the charge 
and their accurate calculation by the metallurgist m control One of the greatest 
steps in the advance of lead blast-furnace nork occurred when the old hand feeding 
methods were replaced by mechanical feedu^ about 1900 along lines developed by 
A S Du ight m Montana This roechamcal feedings} stem and the general adoption 
of sintered products in the ore chaise constitute the major improvements m the smelt 
mg of lead that have been developed m many years Tonnages and metallurgical 
recoveries were enormously benefited by these steps which almost revolutionized 
art 

Charge components made up of ore flux fuel and secondar} products, vary 
greatly in size In an ideal assortment of sizes about one third of the charge would 



be in pieces 5 to 2 in in diameter ©ne-third 2 to H and the remaining third m 
down 

A coarse charge is preferable to a fine one as the ascent of gases is more uniform 
if too coarse, however the gases pa a up and away too quicklj and do not get in their 
proper work on the descendmg charge A fine charge obstructs the flow of gases to 
too great an extent and the gases tend lo break through at various points in the form 
of blowholes which upset the chemistry and operation of the furnace completely and 
cause loss by carrying o5 dust and fume In furnace work there is alwaj s the danger 
of fines tnckling through the coarser parts of the charge and reaching the smelting 
zone in a crude state chilling the furnace and even clogging the tuyeres In modern 
smelting with charges made up largely of sintered materials the fines have been 
reduced to such an extent that thc> seldom cause trouble 

In general the coarser parts of the charge must be placed tow ard the center of the 
shaft and the finer material toward the «ide walls The ascendmg gases have a 
tendency to hug the sides of the shaft and their passage must be adjusted by charg" 
distribution so that the gas current will awend evenly and uniformly oa er the whole 
area of the smelting column The method of mechanical feeding developed at hast 
Helena by Dwight m 1900isalpresent muscat the majority of plants in more orle«s 
modified forms Tlie prmciplc used is shown m Fig 5 
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The contents of the charge car (4 tons) drop onto an A-shaped spreader which 
throws everything toward the sides of the furnace shaft where the bulk of the fines 
remain, while the coarser parts roll down the inclined surface or trough of the descend- 
ing charge and gather along the center axis. To prevent carrying this segregation of 
coarse and fines too far, a modification of the Dwight spreader was adopted by W. W. 
Norton at Murray, Utah, in which the A-shaped spreader, instead of being a golid 
casting, was made up of several parts separated by open spaces, or slots, as shown in 
Fig. 6. The charge, on dropping onto this spreader, is not all deflected toward the side 
walls, but a portion falls directly through the slots and lands in the center of the 
furnace. A satisfactory distribution of charge results, much fine with some coarse 
along the sides, and much coarse with some fine along the center. 

With charges in recent years made up so largely of sintered product, and the 
consequent greater smelting speed of the furnace, there is less danger of the heat 



creeping up in the furnace, and there is now a tendency to try to distribute coarse and 
fine more evenly through the furnace. 

Smelting Lead Ores in the Reverberatory Furnace. — Until within comparatively 
recent years the smelting of sulphide lead ores in the reverberatory furnace was very 
common, especiallj’^ in England, Belgium, and Austria. Since sintering has come into 
general use, however, reverberatory work has become nearly obsolete. In the United 
States in 1877 there were 56 reverberatory furnaces in operation in Missouri, in 1940 
only 2. 

The process involved was the roast-reaction, or air-reduction, process, based on 
the reactions between PbS, PbO, and PbSO< at temperatures below 1000°C., which set 
free Pb and SO;. The precipitation process, based on the decomposition of PbS by 
Fe, was formerly in operation with raw lend ores in France and in the United States at 
one plant at Chicago, also with roasted ores in Cornwall. The precipitation process 
as a separate procedure, has been given up because of high cost and hea^-y loss of 
metal. 

The roast-reaction process in the reverberatory furnace involves two operations, 
oxidation and reduction, one following the other closely, and both being repeated* 
several times. The finely crushed ore, spread in a layer 4 in. deep on the hearth is 
heated gmdualb' to a full red (500 to C00°C.). The roasting is carried on in such a 
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way that only a part of the PbS i3 comerteci into njO and PbSO«, the rest remaining 
undecoraposed The second step of the operation is that of raising the temperature to 
about 800°C so that the oxygen compounds maj react on undecomposed sulphide 
The resulting metalbc lead runs down the inclined hearth and collects in a basin, the 
SOi escapes mto the flue, and the residue remains on the hearth The temperature 
must remain low during this reduction period so that the charge w ill not melt, but w ill 
remain m a pasty condition The reactions are imperfect if the ore is melted 

It V, as found to be impossible to toast a large amount of lend ore uniformly m one 
operation m this manner The first reaction that takes place on rsismg the tempera 
ture will not extract all the lead The residue wdl contain rich PbS with some lead 
oxide lead sulphate, and lead sdicate The temperature is lowered, air admitted 
and a second roasting takes place followed by a second reduction This C)cle u? 
repeated several times before the bulk of the lead is extracted ith each successive 
reduction, the temperature must be raised slight!) as the amount of lead diminishes 
To counteract the melting of the charge slaked lime is added Toward the end of the 
process, there will not be enough PbS left to react on the PbO and PbSOi, and to 
reduce these, coal is mixed m Each successive operation is of shorter duration than 
the preceding one, and the metallic lead obtamed is each tune a Uttle less rich m silver 

The products of reverberatory smelting arc as follows 

1 Lead If clean enough this can be rendered fit for market by simply liquating 
and poling U it carries silver, arsenic antimony, or copper, refining must be resorted 
to 

2 Gray Slag This is a more or less matted mixture of lead (FbS, FbO, PbSOi 
PbSiOi), gargue, cinders, and lime, with some silver It is crushed end smelted m 
the blast furnace 

3 Flue Duel This consists mainly of oxidised compounds and is a orked in with 
subsequent charges, sbortenmg the time required for roasting If very impure, it is 
amelted in the blast furnace, a itK the graj slag 

4 Hearth BoUom This consists of hearth material impregnated uith metal 
It IS worked up in the same manner as the residues 

Limitations of Roast reaction Process — To be suited for the ^e^ erberntory furnace 
an ore must be a rich galena, or a mixture of galeoa and carbonate that does not con 
tain less than 60 per cent Pb, 70 per cent being preferable It may not contain more 
than 4 or 5 per cent S 1 O 2 , and its content of zinc blende, pjTite chalcopjrite, calcite, 
and barite must be low The process takes heavj fuel and much skilled labor 

Classijicalton of Rei erberaiory Methods — Reverberator) procedure vanes widely 
in different countries, three distinct methods of rcterberatory work being recognized 
Caruitbian, English, and Silesian Some of the principal plants work toward the 
object of extracting as much lead as possible m the rei erberatory (Carmtluan and 
'’nn^iisn'j, w’nic o'fners supp'iemcn't fne rcve'beratorj 'by theTilast furnace, taking 
out only a major portion of the lead in the former The ricli residue from the rever- 
beratory, smelted in the blast furnace, permits a higher total extraction (Silesian) 
Some establishments roast the ore slowl) at a low temperature, therebj obtaming a 
maximum recovery of lead (Catinthian and Silesian}, while others conduct a burned 
high temperature toasting, auning to save tunc and labor at the expense of metal 
(English) Reverberatory furnaces var> in form and size aEo 

The Carinthian method 13 distinguished by the Smallness of the charge, slow roast 
ing, low temperature of all operations, and the extraction of all the lead in the rever 
beratory The hearth is inclined toward the flue and the lead collected outside the 
furnace 

The Engbsh method is marked by a large chaige, quick roast, high temperature 
throughout, and extraction of all the lead in the reverberator) The hearth slopes 
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toward the middle of one of the sides, and the lead collects inside the furnace, being 
tapped at intervals into an outside kettle. 

The Silesian method is characterized by a large charge, slow roasting, and a low 
temperature, the lead being only partly recovered in the reverberatory, which is 
supplemented by the blast furnace. The hearth is inclined toward the flue, beneath 
which the lead is collected and tapped at intervals into an outside kettle. 

The Silesian furnace (Tarnowitz) is shown in Figs. 7 to 9. 



Smelting Lead Ores in the Ore Hearth. — ^Thc ore hearth has come back into an 
important position in the lead industry during the present centurj'. It is an ancient 
method, with operating principles that maj- be said to be intermediate between a 
reverberatory and a blast furnace. At first the only method for working low-silica 
high-grade galena ores, it passed into disuse and became largely replaced by the 
reverberatory furnace, but the reverberatory has given waj", with the advent of the 
baghouse and Cottrell electrostatic processes for the collection of fume and dust, 
and the ore he.arth, in modern mechanical form, has taken a new lease of life. In 
1914, there were in operation in Missouri alone 75 ore hearths (hand operated) with 
an annual capacity of 230,000 tons of galena concentrate; by 1923, the Newnam 
mechanical ore hearth had rcjilaccd all the hand henrths on the American continent; 
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about fiftj of these furnaces w ere in operation in 1941 with a capacity of 500,000 tons 
annual!} 

Plants ha\ e also been erected and are at present m operation, in Canada, England 
Spam and South America treating not less than 60 000 tons 

An ore hearth is essentially a Ion fireplace surrounded b> three walls, with one 
or more tuyeres at the back It is invanably made of cast iron In the front there 
IS a cast iron work plate with a groove to carrj off the reduced lead into a kettle 
There « usually a partial front watt composed of a. thick bat of iron, but often the 
front IS simph a dam formed of a«hes and powdered galena which is impervious to 
melted lead The sides and back must be of iron in order to admit of chippmg off 


CROSS StCTlOH OK LIKE E F 
IlG 9 —Silesian re'orberatoty furnace 


the half fused masses of slag that constantly adhere to them, they may be cooled 
simply b} radiation from large heavy castioga fScotch hearth), hy a current of air 
(Uossie hearth), bj a water bov (American water back hearth) or by both air and 
water boxes combined (Moftet-Junibo hearth) These differences maj convenientlj 
be taken asindicaiing the fourdistmctmodificationsof the hearth process though the 
manipulation is much the same in all The Newnam mechamcal hearth, water 
cooled IS of course afifthtjpe 

Tlio process earned on in the ore hearth « mainl> the roast reaction process 
resem! ling that of the rer erberatory furnace, but differing m the respect that roasting 
and reduction go on simullaneouilj and that there is considerable direct reduction Oi 

liad oxide to metal by the carbon of the fuel nic charge ore and fuel — floats on 

a bath of molten lead the PI 0 and I bSOi react on undecomposed PbS somoPbOis 
reduced by C, and the metallic lead trickles through the charge to the liottom, o>er 
flowing into an outside kettle 

Tlie character of the ore to which the hearth process is adapted is determined 
III much the same limitations as for the reverl eratory furnace Theso limitations 
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Kemp, School of Mines Quarterly, 1887-88, ix, p. 212, * Height of roof above grate, 38' 
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liowever, are even more strict than for the reverberatory; the Pb content (usually 
70 per cent) should not be less than 65 per cent, the ore should be coarser (necessitating 
preliminary pugging or agglomerating, if too fine), and only low-silver ores should be 
treated. This last restriction is due to the fact that much lead and silver is vola- 
tilized, under the blast of the ore hearth. With the development of methods of 
recovery of dust and fume in baghouses and Cottrell plants, these volatilization losses 
are, of course, greatly reduced. 



Figs. 10-11. — Hand-operated ore hearth (English). 


The ore hearth has one great advantage over the reverberatorj' — it is quickly 
started and stopped, without much loss of fuel or heat, and is, therefore, adaptable to 
tlio intermittent extraction of lead fronj small amounts of nonargentiferous ore. It 
also consumes less fuel than the reverberatorj", but requires purer and higher grade 
ore. 

On the nonargentiferous high-grade lend ores of the Mississippi Valley, the 
mechanical ore hearth is almo.st supreme, although one large smelting plant remains 
still an advocate of the blast furnace as a method of primary treatment. The other 
major smelter reduces galena concentrate of about 70 per cent grade to bullion and 
gray slag on meclianical ore liearths, utilizing the blast furnace only as secondary 
equipment for the .smelting of gray slag. Both methods are conducted with high 
eflicicncy, and tlic blast-furnace procedure has ardent advocates, but the high-grade 
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ore of the district is peculiarly adapted to or&>liearth treatment On ore of 70 per 
cent grade or better, a 65 to 70 per cent lead extraction is obtained, as bullion, on the 
hearth if the concentrate is 80 per cent grade, a 90 per cent extraction, or better, is 
possible, coke requirements being 3 to 5 per cent breeze Of the lead charged, 15 
to 20 per cent is rehandled as baghouse dust and fume, but this is largely PbSO< 
and PbO, winch is of immense assistance in the ore-hearth process, which depends 
on the mteraction of galena with the oxide or sulphate to form SOi and precipitate Pb 
If there were a sufficient amount of oxidized product present to oxidize all the PbS, 
it would be possible, theoretically, to reduce and recover all the lead in both forms 
with but little extraneous heat 

About 10 to 15 per cent of the lead gora into a 50 per cent product — gray slag — 
which must be re-treated, and which makes an excellent material for rapid, efficient 
blast-furnace smelting The Collinsville, HI , plant, as will be seen from the blast- 
furnace table, using Newnam mechanical ore hearths {and blast furnaces for auxiliary 
treatment), mamtamed an abnormally high smeltmg speed on its blast furnaces, 7 9 
tons of charge per square foot of hearth (blnst-furnacc) area, ow vng to the easj smelt- 
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Flos 12 13— Rossie air cooled ore hearth 

ing characteristics of gray slag which formed the principal constituent of its blast 
furnace charge On the other hand it is to be noted that the Herculaneum plant with 
80 per cent of its blast-furnace charge made up of Dwight machme double-roasted 
concentrate, and with no ore hearths or gray slag involved, has smeltmg speeds of 
6 3 tons charge per square foot of blast-furnace hearth area It has been found that 
the flotation concentrates of the Mississippi Valley, carrying 56 per cent lead, are not 
advantageously treated on the ore hearth, but must for maximum economybe double- 
roasted and smelted in the blast furnace 

The products of the ore hearth are similar to those of the reverberatory, with the 
added product of “browse,” a mixture of ore, slag, and fuel, which goes back to the 
charge in the ore hearth 

Being a simple type of metallurgical furnace, the ore hearth shows but httle variety 
in construction or manner of operating The four early hand-operated forms, shown 
m the accompanying illustrations (Figs 16 to 20) differ somewhat radically from the 
mechanical furnace, the Newnam hearth, shown in Figs 21 to 33 

Scotch Ore Hearth —Figures 10 and 11 show a furnace used in England The 
cast-iron box a set m brickwork q measures 2 ft (front to back) X 2)^ ft (width) 
It IS 1 ft deep, and holds about 2 tons of lead Work stone g, an inclmed plate, is 
cast m one piece with the hearth box Groove K leads the overflowing lead to kettle t, 
heated from fireplace j, the gases passmg off through a flue mto chimney I On either 
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side of the hearth box is a cast-iron block n, and another iron block o is at the back. 
This back stone is perforated for the tuyere h, entering the furnace about 2 in. above 
the surface of the lead in the hearth, p is an upper back stone, or cast-iron block; 
the fore stone m is small. Brick shaft c carries off the fumes; at the back is a pit d, 
or dust chamber, cleaned through door e. On the side of the shaft is feed door A;, for 
introducing fuel and removal of slag crusts at tuyeres. Charge is fed from the front. 
A shutter / is in place at the front of the hearth; sliding in a frame r, it is raised and 
lowered b 5 ' counterpoise s. 

Bituminous coal is used as fuel. After operating for 12 to 15 hr. the hearth 
becomes too hot and must be cooled for about 5 hr. before work can be resumed. 

The Rossic, or Air-cooled, IJ earth. — Figures 12 and 13 show an arrangement of ore 
hearth in which the sides and back are air-cooled. The cast-iron jacket D has an 
air space inside. Blast enters at E, passes through D, leaves at F, and is delivered to 
Uiycre G. This cools the walls of the hearth and preheats the blast. The Rossie 



Figs. 14-15.^ — Original American ore iiearth. 


hearth could be used continuouslj’", but the hot blast caused excessive volatilization, 
and this hearth was abandoned until recovery of fume became possible, when it was 
again brought into use. 

Original American IV'aler-back Ore Hearth. — ^Figures 14 and 15 show the water- 
cooled ore hearth, in which work is continuous, owing to the cooling of the sides by 
water, which enters at i and passes out at k. 

Modem American Water-back Ore Hearth. — In this furnace the cast-iron hearth 
box is supported by short columns in order to air-cool the lead; the upper sides arc 
two water-cooled castings ; the inside working length covers about 4 ft, ; and two hoods 
are provided, an inner smaller one for carrying off dust and the bulk of fume by means 
of a suction fan, and an outer one for removing the remaining fume by natural draft. 
Such a furnace is shown in cross section (in Fig. 16). 

Moffet Ore Hearth. — Figures 17 to 20 show the combined water- and air-cooled 
hearth, in double form, i.e., two hearths placed back to back, under one hood. A 
water box cools the hottest part of the furnace, and upon this rests the air box, con- 
sisting of two separate chambers where the heated blast passes down through the 
water box by means of fourteen 1-in. copper tuyfcre pipes, seven on a side. 

Newnam Mechanical Ore Hearth.— -Tiha hand hearths have all given way to the 
Newnam mechanically rabbled furnace, shown in Figs. 21 to 35. Figures 21 and 22 
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give a front and side elevation Figs 23 and 24, horizontal and vertical sections of the 
lead basin Figs 25 26 and 27, ele%atlons and sections of middle water jacket Figs 
28 29 and 30 elevations of right and left end jackets and section of right end jacket, 
Figs 31,32 and 33 details of cnst*iron stand supporting the lead basin , and Figs 34 
and 35 per<ipective views of the furnace with rabbling mechanism at begmning and 
end of trip 



1 iG 16 — Mextern Amencan oro hearth 


The basin of the Newnam hearth shown K 8 ft long 195iu wide at the top, 10 m 

at the bottom, and 10 in deep The furnace has 12 tuyeres Lead discharges from 
the basin through siphon tap e (Fig 23) Tlie furnace is shown in perspective {Figs 
34 and 3o), because the full assembly of detail drawings would be unnecessarily 
volummous The rabblmg machine is hung from an overhead travelmg carriage 
This carriage starts from its position of rest at one end of the furnace On the pulling 
of a lever, andduringthe trip to the other end the rabble arm is given a motion gmular 
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to that of the hand rabble, men the rabble arm is withdrawn from the fire, the 
carriage moves ahead 4 in. and starts the rabble on the next stroke. When the car- 
riage reaches the opposite end of the furnace (Fig. 35), it is stopped automaticahy, the 
rabble arm withdrawn, and the carriage returned to its original position. A 1-hp. 
motor is sufficient for driving the axles of the carriage and the rabble arm. 

The mode of operating with the Newnam mechanical hearth is the same as that in 
a hand-worked hearth, except that stirring is done by machinery. The first step in 



SECTION, SHOWING TUYERES . 

Figs. 17-20. — Motfet oio hearth. 


the normal working of an ore hearth is to spread a few shovelfuls of coal over the fire, 
and then a thin layer of ore mixed with 0.5 to 1.0 per cent lime. The fire is left undis- 
turbed for a short time — 1 to 1}4 min. — during which the charge is more or less 
oxidized, the flame breaks through, and the ore surface becomes crusted. The rabble 
arm thrusts over the edge of the basin into the lead and raises and loosens the slightly 
caked mass. As the mechanical arm rabbles the charge, one man follows it, pushes 
back the loose charge with a shovel, and drags the gray slag onto the apron plate. He 
is followed by a second man (charger), who transfers the gray slag to the water box, 
spreads a thin layer of ore onto the charge, and adds coke breeze as needed. By the 
time the trip to the end of the hearth has been covered, the ore first charged at the 
otlier end is ready to be rabbled. 
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The charge is made up of cither galena alone, or galena mixed with sintered bag- 
house fume. Slaked lime was formerly used as a flux; with the substitution of coke 
breeze for bituminous coal, the greater heat generated has permitted the use of lime- 
stone. Fuel used ranges from 3 to 8 per cent of the ore mixture. 



Fig. 35. — Kabbling mechanism — end of trip. 


From the ore lic.-irth the lo.ed is collected in a pot, in which it is dros.sod. It is 
cleaned by liquating and poling, and is then cast into market bars, unless it is to be 
desilverized in the refinerj*. The yield in pig lead and the elimination of sulphur are 
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grGatcr in tlie Ne^vnam tban in tte liand tearth, tlie ■work easier and more Kealtliful, 
and the cost much less. 

Data from leading ore-hearth plants have been assembled (by Hofman) as showm 
in Table 6. 

Desilverization and Refining of Lead Bullion. — The lead obtained from the ores 
of certain nonargentiferous districts — notably Missouri, Wisconsin, and a part of 
that from Spain and Germany — is comparatively free from silver as w'ell as from base 
metals and can, therefore, be used in manufacture practically as it leaves the smelting 
furnace, after a simple "poling” or blowing w'ith steam, followed by dressing. All 
the lead produced in blast furnaces from complex ores, however, contains at least 
enough silver to pay for extraction and, also, impurities which must be removed from 
the lead before it is fit for the market. 

A desilverizing (refining) plant has for its task not only the separation of silver 
and the other precious metals (Au, Pt, Pd) from lead, but also the removal of the 
impurities Cu, Zn, Sn, Bi, As, Sb, S, Fe, Ni, Co, Tc, and Se and the consequent con- 
centration of a bullion carrying 95 to 98 per cent lead to a refined lead of not less than 
99.73 per cent lead. These impurities themselves must also be worked up into 
salable products. 

The standard methods of desilverizing and refining lead bullion are four in number: 
cupellation, Pattinson process, Parkes process, and Betts electrolytic process. Cupel- 
lation has ceased to exist as an independent process, but follows the processes of 
Pattinson and Parkes as an auxiliary. It can be adopted alone, however, in spite of 
its high losses and labor costs, for the treatment of rich lead in inaccessible districts 
where silver is the valuable metal sought. Dp to the introduction of the Pattinson 
process, all argentiferous lead was cupeled; but costs and metal losses are so high 
that a limit is soon reached where the separation of silver by cupellation is not eco- 
nomical. This limit is at about 50 to 60 oz. silver per ton of lead. Below this grade, 
the silver recovered will hardly pay for the labor, fuel, and material used, the loss in 
metal, and the inferior grade of lead obtained from the subsequent reduction of the 
litharge produced in cupellation. It becomes necessary, then, to concentrate the 
silver into a smaller nmoiint of lead before cupeling, and this is done by the Pattinson 
and Parkes processes. The process of desilverization must be preceded by a complete 
dressing of the furnace lead for removal of copper, cither by poling and cooling or by 
the use of sulphur. This dressing is followed by a process of oxidation to remove 
other metal impurities. Tliis oxidation is called "softening” in America and “improv- 
ing” in England. The Parkes process must be followed by a refining or dezinking 
operation to remove the zinc left in the lead by the process, and to remove small 
traces of other impurities. Almost all the impurities in the furnace lead interfere, 
to a greater or less degree, with desilverization bj’- either the Pattinson or Parkes 
processes. Generally speaking, the Parkes process requires a purer bullion than the 
Pattinson. 

Arsenic and antimony are the most troublesome impurities, even when present in 
very small quantities. Next in order come tin, sulphur, iron, nickel, cobalt, and 
tellurium. Fortunately all these have a greater affinity for o.xj'gcn than lead and 
can, therefore, be largely removed by simple oxidation at a low red heat and a skim- 
ming of a molten bath. 

Copper has less affinity for oxygen than the other impurities mentioned and is 
only partially retnoved by oxidation. It docs form, however, an alloy with part of the 
lead itself, which is less fusible than pure lead, and resort is had to this characteristic 
to accomplish its removal in the ordinary dressing operation. Copper may be reduced 
to 0.002 i)cr cent or less by treatment -with sulphur, rapid agitation, and cooling to 
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just above the freezing point of the lead. The copper is removed as sulphide with a 
considerable amount of lead in the form of a dry powdered dross. 

Bismuth cannot be practically separated from lead by oxidation, as it has less 
affinity for oxygen than has lead itself. It does not interfere with desilverization but 
remains with the refined lead in the Parkes process. For most commercial uses of 
lead, bismuth is not an undesirable impurity; for some applications its presence in 
small amounts is very beneficial. Fox tbe pxodnctioxi of white lead by the old Dwteb 
process, however, its presence is undesirable, since it gives the product a gray color. 
The standard specifications for commercial grades (see page 145) limit the bismuth 
content of corroding lead, used for Dutch process white lead, to 0.05 per cent. Other 
commercial grades may contain up to 0.25 per cent bismuth. Removal of bismuth 
in the Pattinson process is not complete but is sufficient for some purposes. In the 
Betts electrolytic process, removal of bismuth is complete, since bismuth is not 
deposited on the cathodes but remains in the anode slime. Bismuth is reduced to 
0.02 or lower economically by the Kroll-Betterton process by the use of magnesium 
and calcium as reagents. 

The many advantages that the Parkes process has over that of Pattinson have 
made it the preferred and most generally used desilverizing process in American prac- 
tice. The Parkes method is lower in operating cost; produces market lead lower in 
silver content (0.10 to 0.20 oz. as compared with 0.40 to 0.60 oz. per ton by the Pattin- 
son process); completely recovers even small traces of gold; produces a lead for 
cupellation with 2000 to 15,000 oz. silver per ton, as compared with 500 to 650 oz. 
by Pattinson ; and shows a much lower loss of lead and silver. 

A combination of the Parkes and Pattinson processes is sometimes used when 
bullion is high in bismuth, the desilverizing being performed by means of the Parkes 
process and the bismuth content of the desilverized lead being lowered by Pattin- 
sonizing to 0.05 per cent, the dividing line between corroding and noncorroding lead. 
In more modern practice, combinations of the Parkes and the Kroll-Betterton process 
or the Betts process are used, which make it possible by combination of production to 
produce a range of bismuth content representing ah commercial grades. 

Softening. — The softening or “improving” of lead bullion as a preliminary to 
desilverizing by either the Parkes or Pattinson process is essential. This is partially 
accomplished in the dressing plants of lead blasWurnace smelteries which have no 
refinery on the premises and must therefore ship their base bullion to distant points 
for desilverizing. The major part of the softening operation is accomplished in any 
case at the refinery proper. In the Parkes process it has been shown that a decided 
saving in zinc consumption exists between the respective treatment of bullion that 
has been softened and bullion that has not been softened. For an unsoftened bullion 
containing 4.5 per cent foreign metals such as copper, arsenic, and antimony, 2.87 per 
cent zinc was required to desilverize the lead, whereas 1.75 per cent zinc sufficed if 
softening had preceded desilverization. The relative recoveries of market lead were 
43 and 72 per cent of the bullion charged. 

Softening has for its object the removal from the blast-furnace base bullion of 
the impurities that interfere with desilverization, mainly copper, tin, arsenic, anti- 
mony, and sulphur. Copper is best removed by a separate drossmg operation prior 
to softening, but this operation is sometimes combined to some extent with the 
softening operation. 

Furnace Softening.— The operation consists of two stages, liquation or dressing 
and oxidation. By liquation, metals held In solution by the furnace lead are separated 
from the lead by slow melting at a low temperature. By oxidation, which later 
occurs when the temperature is raised to a bright red with introduction of air or 
steam, metals alloyed with the lead are converted into oxides. These are to some 
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extent volatilized, but mainly combine with the PbO, formed at the same time, and 
are slagged off. 

In the first step, the bullion is slowly melted at 370 to 380 C. and there rises to 
the surface a dross consisting principally of copper, sulphur, arsenie, and lead. In 
the second step when the temperature has been raised to a good red heat, the three 
principal impurities alloyed with lead are oxidized in the order tin, arsenic, and anti- 
mony. The surface of the bullion becomes coated with dark yellow powdery “tin 
skimming,” mainly antimoniate and stannate of lead and antimoniate of tin. As 
soon as the tin skimming has been removed, the lead begins to give off fumes of arsenic 
and antimony, and arsenate and antimoniate of lead begin to form. These are drawn 
off together as an “antimony skimming” after the furnace has been cooled sufficiently 
to cause the skimming to solidify. The last traces of antimony come out with diffi- 
culty, and to hasten the process rich litharge from the finishing cupels can be stirred 
into the bath. 

Jets of air or steam are introduced through perforated pipes, to stir the bullion 
and hasten the oxidation. Before the antimony has been removed, a sample of the 
bullion will “work,” i.c., it will show small greasy particles of revolving black skimming 
on the surface of the lead. As the softening approaches the end point, these globules 
disappear and a thin yellow litharge forms. 

In the continuous lead-refining process developed at Port Pirie, South Australia, 
discussed in more detail later, furnace softening is carried on continuously in a com- 
paratively small water-cooled reverberatory furnace into which bullion containing 
0.80 per cent antimony and 0.30 per cent arsenic flows at the rate of 26 tons per hr., 
and from which softened bullion containing 0.03 per cent antimony and 0.0004 per 
cent arsenic and a slag containing 8.0 per cent antimony flow continuously. The 
mixture of molten lead and slag flows continuously through a heated forehearth where 
the two separate by gravity and are withdrawn separately in a molten condition. 
The temperature of the softening reverberatorj' is maintained at 760°C. Air is 
introduced through water-cooled pipes submerged in the molten lead, and the oxida- 
tion reaction supplies the greater part of the heat required for the operation. 

Three softening processes are in general use. Chemically the process is the same 
in each; however, the difference in equipment and operation is considerable. These 
arc (1) batch-furnace softening, (2) continuous-furnace softening, and (3) Walker 
process or kettle softening- 

In (1), a batch of 50 to 300 tons of molten bullion is held in a reverberatory furnace 
and agitated with air or steam at about OSO^C. until the arsenic, antimony, and tin 
■are lowered by oxidation to the desired amount. The temperature is lowered, and the 
noxides arc skimmed off as a solid skim or semimolten slag. In (2), the molten bullion 
flows continuously through a small reverberatory heated to about 760°C. and is 
strongly agitated with air. The arsenic, antimony, and tin with some lead are oxi- 
dized to form a slag that is liquid at this temperature. The molten lead and slag 
flow continuously from the furnace to a heated forehearth where the 3 '^ arc separated 
by gravity. In (3), the molten lead in batches of 100 to 250 tons is heated in kettles 
to about 675°C., covered with a laj'er of hj'drated lime, and stronglj- agitated by 
mechanical stirring, or air is introduced below the surface. The arsenic, antimonj’, 
and tin are oxidized with some lead. The molten oxides are collected or “blotted” 
off bj- the lime, maintaining a clean metal surface for rapid oxidation. The oxide- 
lime mixture collects as a dr\" pelletized dust-free skim, which is skimmed off the surface 
of the lead. The metal of the kettle is protected bj' the use of lime from the 
corrosive action of the molten oxides of arsenic, antimonj', and lead which would other- 
wise attack it at this temperature. This method maj' be applied to refining or dezink- 
ing lead with the same advantage, so far as protection of the kettle is concerned; 
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however, the amount of skimming produced is excessive, and the method has no 
economic advantage over other dezinking methods. As a softening method, it has 
proved very successful. 

The furnaces used for softening and refining or dezinking in American practice 
are shown in Figs. 36 to 43. 

The construction of the reverberatory furnace used for continuous softening at 
Port Pirie is shown in Figs. 44 to 59. 

The fuel consumed in furnace softening ranges from 2 to 12 per cent, and averages 
5 per cent soft coal, by weight, of the softened lead produced. Fuel oil is in some 
localities considerably more economical. 

The time required for removal of arsenic and antimony by furnace softening varies 
with the size and design of the furnace, the temperature, the amount of air introduced, 
and olher details of the operation. The rate of removal falls off as the impurity con- 
tent is reduced. The total softening operation in practice includes of course the time 
of filling and emptying the furnace also. In general, it may be said that in a furnace 
of this capacity the complete softening of a charge of 200 tons of lead containing 1 per 
cent arsenic plus antimony will require 30 hr. 

At Port Pirie a bullion containing 0.80 per cent antimony and 0.30 per cent arsenic 
is softened in the furnace illustrated at the rate of 26 tons per hr. 

Colcord Process. — This process removes copper and arsenic from the bullion as 
the first operation in refining prior to softening. Sulphur is stirred into the metal 
with a mechanical stirrer at a temperature of about 350°C., which is sufficient to cause 
the sulphur to unite with the copper. The temperature is then raised to about 
400°O. until the copper sulphide readily separates as a dross. The next step is to 
add caustic soda to the metal, raise the temperature to between 500 and 600°C., and 
thoroughlj^ stir the caustic soda into the metal, using a mechanical stirrer, air jet, 
or other mechanical means. Arsenic contents of the metal can be reduced to any 
desired quantity by fractional additions of caustic. The sodium arsenate in the 
caustic skim is suitable for the manufacture of insecticides by leaching with water. 
The leached residue, containing lead and a little antimony, can be readily treated. 

After the softening operation, the bullion goes to whichever desilverizing process 
is provided and the desilverized lead must then pass to a refining or dezinking treat- 
ment for the removal of the zinc remaining from the Parkes process (0.55 per cent), 
as well as the small amounts of arsenic and antimony that may not have been entirely 
removed during the softening or that were introduced with the zinc used in desilveriz- 
ing. If the desilverizing has been by means of the Pattinson process, refining is some- 
times necessary to remove the arsenic and antimony retained in the crystallized 
lead. 

Harris Process. — The Harris process of softening and dezinking bj' the use of 
sodium hydrate is now in use at refining plants in England and on the continent, in 
Mexico, and in North Africa. This process is applicable to softening or dezinking 
of desilverized lead. It thus both precedes and follows the standard desilverizing 
operation by cither the Parkes or Pattinson process. 

The process is designed to accomplish the removal of such impurities as arsenic, 
antimony, and tin from base bullion or any other metallic lead material, and the 
removal of zinc from desilverized lead. 

This is done by bringing about an intimate contact between the metal, at a tem- 
perat\irc not greatly in excess of its melting point, and molten sodium hydrate. A 
clean separation takes place, thereby, of the lead from its impurities, arsenic, anti- 
mony, fin, and zinc, which are quantitatively collected in the form of their oxides or 
oxysalts, suspended in or otherwise associated with the molten caustic. The mixture 
of caustic and oxide is then treated by a wet process for the recovery of the contained 
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reagents and of the oxides and oxysalts derived from the impurities removed from the 
lead. 

The circuit of the wet process is closed and complete, rendering a recuperation of 
95 per cent of the free reagents possible, which, in turn, are used again in the process. 
The impurities are also completely and scparatel 3 ’- recovered and are free from either 
lead or other impurities. Arsenic and zinc, the latter from desilverized lead, are 
directly obtained in salable form, the former as calcium arsenate, the latter as zinc 
oxide, while the recovered antimony and tin compounds can readily be reduced to 
metal. The essential feature of the Harris process is that a clean separation of the 
constituents of the bullion is made possible, each being recovered completely and in 
marketable form. The operation is all performed in, and above, the regular refinery 
kettle, without furnaces. The pumping apparatus and chemical-treatment tank is 
a portable unit which is swung onto the top of the kettle and removed when purifica- 
tion is complete. 

In the usual design of this apparatus the molten mixture of caustic and other 
salts is contained in a small tank through which the molten lead is pumped and allowed 
to overflow and return to the kettle. The circulation of the lead through the molten 
reagent is continued until the desired puritj' is obtained. 

The process is sound and practical in principle and has many advantages, but has 
not been universallj' adopted, since in practice it cannot always compete economically 
with other processes. Where it has been successfully applied, considerable modifica- 
tion has been necessary in most cases to adapt it to local conditions and materials. 

Furnace Refining. — ^The furnace used for dezinking and refining is similar in 
construction and operation to the softening furnace, except that a higher temperature 
is required. The furnace is filled with desilverized lead containing 0.55 per cent zinc 
at a temperature of 450°C. The temperature is raised rapidly to 750°C., and steam 
is introduced through submerged pipes. The steam aids the oxidation bj’' agitation 
and also bJ^the decomposition of water by metallic zinc. The treatment is continued 
until the zinc and antimony are reduced bj' oxidation to approximatelj"^ 0.001 per cent 
zinc and 0.005 per cent antimonj'^. The zinc and antimonj'-, wdth considerable lead, 
are skimmed from the surface of the molten lead in the furnace in the form of a dry 
powderj' oxide skim, which changes to a molten slag at the end of the operation. 
For a lead containing 0.55 per cent zinc and 0.3 per cent antimony the operation 
requires 12 to 16 hr. and produces about 5 per cent skim, containing about 90 per cent 
load. Corrosion of the furnace refractories by the refining skim is verj’' severe. 

Dezinking with Chlorine. — The chlorine dezinking process is the one most 
generallj- emploj’’ed in the lead refineries in the United States. It has the advantages 
that the destructive corrosion of the refinerj' equipment is avoided and the zinc is 
recovered in a marketable product. The process is conducted in kettles using any 
one of several tvpes of apparatus. One of these, the Betterton apparatus, is shown in 
Fig. 60. 

The molten desilverized lead is heated to ISO^C. in a kettle and is pumped through 
a chamber where it is brought into intimate contact with gaseous chlorine. The 
zinc contained in the lead is converted into zinc chloride, which separates from the 
lead and floats as a molten laj’er on the surface of the metal. The molten zinc chloride 
is removed from the surface, cleaned bj" treatment with metallic zinc, and marketed 
as a commercial chemical. The dezinked lead must be given a further treatment to 
remove antimonj’. This is done either by oxidation in a reverberatorj' furnace or 
bj' treatment with sodium hj'drate in a kettle. 

Molding Refined Lead. — Refined lead was formerlj' ladled bj- hand from the kettle 
into molds placed in front of it. This operation is now performed bj' mechanical 
equipment. The refined lend is run into molds either directlj' from the reverberatorj' 
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or k'tUe in v,hvch Ihe xsnc and antimony ha\e been. remo\ed from the desilverized 
lead, or, ns is more common practice with plants having large units, the refined lead is 
tapped into a storage reverberatory furnace or market kettle from which it is run or 
pumped into molds The storage re\ crberatorj is of the same capacitj as the refiumg 
furnace, and its construction is similar, though it u not generally nater jacketed 
A great varietv of mechameal casting macbmes for pig lead have been developed 
and are m use Each tj pe is usualls a local modification of a standard Ijiie though 
some designs have become standardized and are sold by equipment manufacturers 
The three general tvpos are the ‘straight line” or ^\alker type, the ‘‘vertical 
wheel" or Miller tv pe and the ‘ horizontal wheel" or Newnam type Much ingenious 
mechanical equipment has been developed for performing the various operations of 
skimming, trimming, stamping, and handling of the bars and the labor required for 
the molding operation has been greatlj reduced ith machines molding an average 



of 35 to 50 tons per hour, lead can hemoldeil, neighed, and placed m stock or in cars 
lor shipment with a crew of four men, one of nliom operates a power truck 

Straight-line Molding Machine — The lead « usually run from the furnace or 
pumped from a kettle through a pipe, prov ided with a reg:ulating v ah e, into a cast- 
iron trough nluch tilts on trunnions The side of the trough has a number of l-m 
spouts through n hich the lead flows mto the molds n hen the trough is tilted b> means 
of an air lift, thus pouring a mimber of bars, usually five, at one time The molds 
are caxrjcd liy ajj endless Imk-rijaw ronveyer nhich t/ai els in a hoFuonta) direction 
in front of the pouring trough The convejcr travels for a distance be 3 ond the 
trough, where the lead m the molds may f>c skimmed bj hand The bars are then 
cooled in travel by water sprays from below and are trimmed and stamped bj hand 
or bj mechanical devices The conveyer then passes up an incline and discharges 
the bars bj inverting the molds Tlic bars fall onto a table or truck and are stamped 
and handled cither bj hand or meehantcally Ithilc some horizontal siraight-linc 
machines have been designed to start and stop, traveling each tunc the distance 
rcprescnteil b} a group of bars poured, tbis slows the operation of the machine and 
introduces mechanical difficulties ui prev enting vibration and roughening of the molten 
lead mthe molds For this reason the conveyer usually travels continuous!}, and the 
poiinng trough is arranged to travel with the conveyer while pouring and to be 
returned to its original position at tw ice the normal speed b} an automatic mechanism 
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Vertical-wheel Machine. — ^The Miller casting machine consists of a vertical iron 
wheel with water-jacketed molds on its periphery. This machine handles 12 to 14 
tons 0 ? load per liowr with three mew. 

Horizontal-wheel Machine. — ^The Newnam casting machine is a horizontal-wheel 
type of machine that handles 50 tons of lead per hour with four men. The molds 
are arranged in sets of five parallel pigs, supported radially on a horizontal-wheel 
structure. Five pigs are poured simultaneously. As the wheel revolves the pigs 
are cooled, trimmed, and passed under an automatic stamping machine. They are 
removed by a pig-pulling and stacking machine which lifts the pigs out of the molds 
in sets of five and places them in a stack of 35 weighing approximately 3200 lb. The 



Via. Gl. — Five pigs just being lifted by Newnam pig-puHing and stacking machine. 


stack is picked up by an electric truck of special design which, after passing over the 
scale, places the pile in stock or in a car for shipment. 

The Newnam machine and lead truck are illustrated in Figs. 61 to 63. 

Parkes Process. — This method of separating silver from lead is based on two facts; 
(1) a greater affinity of silver for z'me than for lead, and (2) the insolubility of zinc- 
sdver alloys in lead which is already saturated with zinc. The process consists, in 
orief, of stirring 1 to 2 per cent of zinc into a bath of molten lead heated to above the 
me't’rg point of zinc (415°C.) and allowing the mixture to cool, whereupon a crust 
rises to the surface of the molten lead containing nearly all the silver. A repetition 
)f the zinc addition, in smaller quantity, gives another, low er, silver crust and leaves 
a molten lead that is practically free from silver, containing usually not more than 
0.20 oz. per ton. 

The zinc crust, which contains considerable lead besides the zinc and precious 
metals, is distilled in retorts for the rccovcrj' of zinc and to obtain an enriched retort 
bullion, which is cupeled to produce dorc silver, with litharge as a by-product. 

In addition to combining with silver, zinc has an affinity for other metals present, 
notably gold and copper, with both of which it combines before picking up silver. 
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Gold is entirely extracted by the first zinking, and copper enters the zinc crust almost 
as readily as gold, though not quite so completely. The gold-copper-zLnc crust is 
formed, containing aU but the minutest trace of the gold present, before the lead 
itself begins to take up zinc, the gold-zinc and copper-zinc alloys being apparently 
almost insoluble in zinc-free lead. It is impossible, in the case of silver, however, to 
produce a crust without first saturating the lead with zinc. The saturation point is 
approximately 0.55 per cent zinc. 

Bismuth does not interfere with the desUverization, but antimony in amounts as 
small as 0.1 per cent, as well as arsenic in even smaller proportions, not only retards 
the rising of the crust but prevents a clean separation from the underlying lead. If 
the work lead contains 0.1 per cent antimony or 0.05 per cent arsenic, it is difficult to 
produce market lead sufficiently low in silver without excessive zinc consumption. 

The importance of thorough softening is apparent. Arsenic, fortunately, is much 
more readily oxidized than antimony, so that it is completely removable by an 8- 
or 10-hr. softening, and the critical point becomes one of antimony removal. Copper 
is readily removed by repeated dressing or in the softening operation. If this has 
not been thoroughly accomplished, an excessive amount of copper-zinc crust is formed 
in the desilverization before any silver can be extracted. Nickel and cobalt have a 
tendency to enter the zinc crust like copper; however, both these metals are readily 
removable in the dressing operation. 

In ordinar 3 ’- zinc desilverization, there are present, in varying amounts, besides 
silver, the metals gold, copper, platinum, palladium, tellurium, bismuth, arsenic, 
antimonjq tin, nickel, and cobalt in the base bullion and cadmium and iron in the 
spelter. Of these, silver, gold, copper, platinum, and tellurium readily enter the 
zinc crust. The others do so only to a slight degree. They interfere, more or less, 
however, with the work, and the zinc consumption is usually increased by their 
presence. The quantity of zme necessary to accomplish desilverization depends, of 
course, on the purity of the lead and the amount of silver present. If the lead is 
practicallj'^ pure, it will hold in solution between 0.6 and 0.8 per cent zinc, at about 
400°C. This quantity has to be added to the kettle as a constant, before the lead will 
give up any of its silver. Thereafter, the quantity of zinc required for combining the 
zinc with silver must bo provided on a basis of the compound AgsZnj. 

In practice, it is not practicable to desilverize high-grade lead bullion bj’’ a single 
addition of zinc. If no gold crust is made, it is fairly uniform practice to desilverize 
bj' means of two additions of zinc. The aim is to concentrate as much silver as 
possible, and all the gold, into the first crust, which will contain 2000 oz. or more of 
silver per ton. This crust is sent directly to the retorts. In the second zinking, 
an excess of zinc over that required for the amount of silver present is used. This is 
necessarj’’ if the silver is to be thoroughly removed from the lead. The resulting 
crust is unsaturated and is used to take the place of part of the fresh zinc needed in 
the subsequent first zinking. The second crust is low in silver content, and may go 
ns low as 10 oz. per ton. 

Tlie gold is removed with the silver, the gold-silver-zinc crust is retorted, the 
retort bullion is cupeled, and the dorfi silver parted cither with sulphuric acid or by 
clcctroh-sis. The making of a separate gold crust is in most cases not economical, or 
usual in the United States, as it requires time and also separate storing and handling 
of two classes of products. Tlic lead bullion also retains small amounts of gold in 
spite of the greatest care given to the gold-crust operation, and thus it is impossible 
to avoid the final parting of the dore .silver produced. 

For freeing the zinc crust from mechanicallj- entrained lead, the Howard press is 
in general use, replacing the liquating kettles or reverberatory furnaces formerly used 
for this purpose. This press is described later and is illustrated in Fig. 64. 
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The desilverizing operation proceeds as follows When the softened buUion in the 
kettle has been dro«sed and brought to about ^S2,°C , blocks of crust from the precedmg 
second sinking are charged and sufficient new zinc also is added In some plant® the 
blocks from the second zinkmg are charged first into the empty kettle, melted, and 
then the spelter added , follon mg this the bulhon is tapped into the kettle from the 
softening furnace and the mature stirred to incorporate the zinc In any case the 
crust and spelter must be mcorporated into the bulhon and the zinc brought into 
intimate contact With the metals gold, silver, and copper by thorough agitation 
In some plants a small amount of ammonium chloride is thrown into the kettle before 




1 ic 64 — Howard press 

Stirring (about 1 lb to 10 tons of lead) for the purpose of keeping the tools clean and 
counteractmg the oxidation of crusts Except m very small operations, hand and 
steam agitation hai c been replaced by mechanical stirrmg, usmg the Howard mixer 
This consists of a motor-driven propeller carried on a vertical shaft and supported 
at the center of the kettle on a removable bridge The depth of immersion of the 
propeller laries in different plants and m some designs is made adjustable In the 
original design of this mixer, the propeller was surrounded by a sheet-steel cone or 
cylinder open at top and bottom In some designs this element is eliminated The 
propeller is rotated to produce a downward flow of metal and in operation a vortex 
IS formed in the molten lead at the crater of the kettle about the mixer shaft and n 
very thorough turning over and mixing of the metal is produced 

After stirring for 10 to 30 mm the first crust is removed and pressed The second 
addition of zme is then made and stirred in The first crust isremoied without lower- 
ing the temperature, which is held at almiit dSO'T since it is de«irable to remove ns 
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little lead as possible with the crust, and there is no attempt to clean the remaining 
lead of silver. In skimming the second crust, the temperature of the lead is lowered 
until all the crust that can be made to do so rises to the surface and is removed. 

The weight of the crust produced varies with the amount of silver pressed. On a 
100-ton kettle with 100-oz. bullion the first crust weighs approximately 7000 lb., 
and the partly desilverized remaining lead will contain 40 to 60 oz. of silver per ton. 
The second crust will weigh approximately 25,000 lb., and the desilverized lead remain- 
ing will contain less than 0.2 oz. of silver per ton. Two men in addition to the kettle 



Fig. 05. — Flow sheet of continuous refining. 


firemen usually do the entire work of desilverizing a single kettle of lead. About 
2 tons of coal per 8-hr. shift is consumed. 

Continuous Lead Refining. — ^At the Port Pirie plant of the Broken Hill Associated 
Smelters Proprietary Ltd., the operations of furnace softening, desilverizing bj^ the 
Parkes process, and furnace dezinking have been combined and reduced to a con- 
timious process in which the bullion flows continuous!}- through these steps in suc- 
cession and emerges completely refined. Slag, drosses, and other by-products arc 
also withdrawn continuously and re-treated. A flow sheet of the process is shown in 
Fig. 65. 

The softening furnace, briefly described under Furnace Softening, is a rectangular 
water-jacketed reverberatory fired with oil. The bullion enters and leaves the furnace 
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through submerged trapped openings Sfolten slag overflows from the furnace con 
tmuously Air is mtroduced through two water cooled submerged blowpipes The 
brickwork is of steatite bonded with sodium silicate 
Analyses of feed and products arc shown id Table 7 


Table 7 — Port Pihie Co^timuoits Softevivo 


Material 

%Sbl 

%Aa 1 

% Cu ; 

Ag, oz ; 

Au oz 

Drossed bullion to furnace 

0 78 ' 

0 29 ' 

0 004 

1 53 1 

0 039 

Softened bullion from furnace 

0 03 

0 0004 

0 004 

54 0 

0 040 

Molten slag from furnace 

8 10 I 

2 70 

0 005 




The desilverizing kettles are of deep narrow form resembling a bottle in cross 
section They are approximately 20 ft deep and 10 ft in diameter at the widest 
point Means for differential beating at different points m the kettle are provided in 
the setting, and definite temperature zones are mamtamed at different depths The 
kettle 13 kept full of molten metal at all tunes A practically constant range of 
composition and temperature is maintained from desilverized lead at 350“C at the 
bottom to a layer of rich silver zinc dross at 6o0*C which floats on the surface The 
molten softened bullion flows continuously to the kettle, entering at a temperatuii. 
of 650®C It passes downward through the zine dross and various la>e» of molten 
metal losing lU silver content in the passage and is withdrawn coatmuously from the 
bottom of the kettle through an inverted siphon discharge pipe 

The silver zinc dross is ladled out of the lop of the kettle, concentrated in a liquat- 
ing kettle similar in design to the desdvenzing kettle end is retorted and cupeled 
in the usual manner The desilverized lead flows continuously to a rectangular 
reverberatory furnace similar to the softening furnace, is dezinked by oxidation, and 
flows continuously to a Isewnatn molding machine 

The continuous process requires a constant supply of bulbon of uniform composi- 
tion and produces a uniform product It has the ad\ outage of compactness in plant 
design, small stocks of by products to be stored and economy of labor required 
Equipment Used m the Parkes Process — The kettles used m lead refining opera 
tions may be constructed of cast iron, cast steel or welded steel They are usualb of 
approximate bemisphencal form and occasionally are elliptical They range m 
capacity from 30 to 300 tons Kettles up to 30 tons m capacity are usually made of 
cost iron Larger sizes were fonoerly cast but in modern practice ate made of welded 
steel plate up to 2 m m thickness The steel construction has the advantage of a 
thinner wall for heat transfer and also the fact that cracks or flaws may be repaired 
by welding giving the kettle a long bfe la secvice 

Howard Stirrer — The Howard stirrer or mixer is used for agitating molten lead 
when introducing zinc in the Farkes process or other resgents used in refining opera 
tions It consists of a motor driven propeller supported on a vertical shaft and sub 
merged ui the molten lead The propeller is sometunts surrounded by a si mt 
cylinder or cone, open at the top and bottom the upper rim of which is below the 
surface of the lead The whole is supported on a frame bridging the kettle The 
rotation of the propeller creates a vortex and a downw ard flow of lead at the center 
of the kettle Any reagent to be mixed with the lead is drawn mto this vortex driven 
below the surface and very thoroughly mixed with the metal 

Howard Dross FresS — ^The Howard proas used for freeing dry drosses of mechani 
cally entramed molten lead consists of a vertical frame 'lupportmg a vertical com 
pressed air or steam cylinder mounted above a shallow cylindrical receptacle, or 
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“basket,” with a drop bottom. The cj'linder is fitted with a piston that may be 
raised and lowered, and the piston rod carries at its other end a plunger, or platen, 
that fits into the basket. In some designs the face of this plunger is provided with 
projecting prongs that penetrate the material being pressed and pass through holes 
in the bottom plate when the plunger is forced to the bottom of the basket. 

In use the press is suspended over a kettle of molten lead having a layer of dross 
on its surface, the plunger is raised free of the basket, and the press is lowered until 
the rim of the basket is only a few inches above the surface of the lead. The dross 
is then skimmed from the surface of the lead into the basket until it is filled. The 
plunger is lowered and forced down under a pressure of 90 to 100 lb. per sq. in., com- 
pacting the dross and squeezing out a large part of the entrained molten lead, which 
escapes through holes in the bottom plate or around its edge. 

To discharge the press, it is swung aside and the bottom plate is dropped, dis- 
charging the pressed dross in a cake on the floor. 

Dross Basket. — A considerable amount of entrained lead may be removed from 
granular drosses by merely placing them in a perforated vessel and allowing the lead 
to drain. The vessel, or “basket,” usually takes the form of a 60-deg. steel cone 3 to 
4 ft. in diameter and perforated with %-\n. holes. It is provided with a bail and a 
tail chain so that it may be tilted and dumped. The basket is suspended from a crane 
over a kettle of molten lead, and the dross is skimmed into it until it is filled. It is 
then lifted above the surface of the lead and allowed to hang and drain for a short time 
before being swung aside and dumped. The basket may be manipulated on the 
surface of the lead by the suspending crane in such a way as to skim the dross from 
the surface of the lead. The use of a vibrator on the dross basket, while suspended 
to drain, has been found to increase the removal of lead appreeiably. 

Removal of Bismuth. — Bismuth occurs with lead in most lead ores and follows the 
load through smelting and refining operations, including desilverizing by the Parkes 
process, to the final refined load. Commercial refined lead specifieations set a maxi- 
mum limit of 0.25 per cent bismuth in common lead. The presenee of bismuth in 
lead within this range has practically no effect upon its properties for any application 
as a metal and is an advantage in that it improves the lead for certain alloys. When 
refined load is used in applications where it is to be dissolved or corroded for producing 
chemical compounds, bismuth may be an undesirable impurity. This is particularly 
true in the production of basic carbonate white lead by the Dutch or the Carter 
process, where any impurity in the lead enters the white lead produced. Bismuth 
in such a case renders the white lead gray in color. For such uses “corroding lead,” 
containing less than 0.05 per cent bismuth, must be used. 

Bismuth is removed from lead with other impurities at one operation in the Betts 
electrolytic refining process. The Pattinson process of desilverization removes 
bismuth to some extent with the silver; however, the removal is incomplete and the 
number of crj'stallizations and the amount of equipment required have made this 
process uneconomical for both silver and bismuth removal. 

The Kroll-Bctterton process for bismuth removal by the use of calcium and 
magnesium secures a very efficient removal of bismuth and is well adapted for applica- 
tion to desilverized lead as a step following the Parkes process. 

Both calcium and magnesium will remove bismuth from lead when used alone, but 
when used in combination the efficiency of each is increased. These metals form 
compounds CajBi; and iMgjBi: which separate on cooling and can be removed as 
dross, similar to the zinc crust in the Parkes process. 

Desilverized, dezinked load, containing less than 0.01 per cent arsenic plus anti- 
mony, is treated witli equal quantities of calcium and magnesium which are added 
at about 425°C. and thoroughly stirred into the lead. Magnesium is added as metal. 
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calcium 1 ® added as a 3 to 4 per cent calcium lead alloj The amounts of calcium and 
magnesium requu-cd to lower the bismuth to 0 02 per cent are indicated in Table 8 


Table 8 — Kroll-Bettertov Process 


Bismuth in original 
metal, % \ 

Reagent required, 
lb per ton of lead 

Calmum j 

Magnesium 

0 10 

1 30 

1 1 30 

0 50 

2 15 

2 15 

0 80 

2 so 1 

1 2 90 

1 00 

3 40 1 

3 40 


The dross formed is removed bj skimming and is recirculated in two stages similar 
to the Parkes process The dressed lead contains 0 02 per cent bismuth and 0 05 per 
cent calcium and magnesium The reagents arc removed bj chlorination or 
oxidation ’ 

The dross is concentrated to about SO per cent bismuth by liquation of lead and is 
then treated for production of refined bismuth 

Treatment of Zme Crust — Many methods have been tried for working up the 
zinc crust distillation, smelting, cupellation, allcali>chIonde fusion, steam oxidation, 
ammonium-carbonate leaching, but only one has survived — distillation ct the eino 
from the crust in a retorting furnace Tbis subiect is treated more fully elsewhere 
in this volume 

Treatment of Tntermediste Products — Refineries tend to accumulate a large 
assortment of by-products that must be worked up mte marketable products currently 
with the major operation These intermediate products are described briefly below 
Softening Puniace Dross and Sfaunmmg — ^Tbe copper drosses from the softening 
furnace are usually not of great amount, since the lead bullion is usually freed from 
dross at the smelter The drosses from the softener are ordinarily kept separate 
from the skimmmg Where the dross is treated by itself, the procedure is a simple 
liquation m a small reverberatory The furnace is charged and heated until the lead 
that liquates out of the dross forms a batb, on which the dry dross floats TSben 
sufficient dry dross has accumulated, it is pulled out through the furnace door The 
temperature is set low so that no dross is again melted into the lead Dry dross 
recovered is smelted m the blast furnace, the lead goes to the softening furnace 

The treatment of antimony softener skimming 13 an operation leading to the 
production of antimonial lead This sfummuig is smelted in a reverberatory furnace 
with the addition of a high grade galena or stibnite and fine coal The metalhc lead 
reduced from the skirammg contains most of the precious metals This lead, carryung 
about 1 5 to 4 per cent antimony, goestotbesofteomg furnace The matte produced 
carryung copper, lead, antimony, and sulphur, 13 treated by concentration smelting 
The liquated or refined skimming or slag, now carrying 15 to 20 per cent antimony, 
some arsenic and copper, and about 1 oz of silver per ton, is usually removed as a 
liquid slag and goes to a blast furnace for producing hard lead, in which it is smelted 
with coke and metallic iron In order to keep down thelossof antimony by volatiliza- 
tion, galena is sometimes added to the blast furnace charge, its sulphur actmg as a 
reducing agent Only enougli is added for this purpose so that no matte is formed 
I The uee of magnes iim and potaesiura together is covered by U S patent 
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addition of galena dilutes the antimony in the resulting hard lead. The anti- 
al lead ordinarily produced and marketed from this operation contains 15 to 
3r cent antimony. Antimony ore, either sulphide or oxide, may also be added 
e blast-furnace charge. The hard lead finallj' obtained is usually dressed with 



phur in a kettle or liquated in a reverberatory furnace to remove copper that has 
'll reduced in the blast-furnace operation. Some speiss is formed in the blast- 
nnee operation to remove arsenic contained in the reverberatory-furnace slag. 
KcUk dross consists usually of lead oxide mixed with metallic lead; it is returned to 
softening furnaces. 


210 


NONFERROUS METALLURGY 


Refining shimmings and drosses cany 8 to 10 per cent zmc, some antimony, and 
about 75 per cent lead Refining eknnnunga are sometimes charged into the softening 
furnace, after its dross has been removed, m order to assist in the oxidation of arsenic 
and antimony Their high zmc content makes them refractory, and they are usually 
treated in a blast furnace where the zmc is slagged 

Metallic zinc recovered from the retortmg of silver crust contains silver and lead 
as impurities and is returned to the desilverizing kettle as part of the zmc addition 
Retort dross is high in silver and zmc and is disposed of in one of two ways In 
large refineries, where the retort bullion with its floating dross is poured into an 
operating cupeling furnace from the pot that has received it from the retort, the silver 
13 of course recovered with the silver of the retort bullion In smaller plants, this 
retort dross is worked off a little at a time m the regular cupeling, or m some cases it is 
charged back into the retorts itself Accumulations of^this dross are sometimes 
worked off on the bath of lead, low in silver, with which a new cupel test or hearth 
of the cupeling furnace is usuaDy charged, in order to prevent excessive absorption of 
silver Sometimes the retort dross is added to the softenmg furnace after the regular 
softener skim has been, removed This permits the silver of the retort dross to 
be taken up by the lead in the softener and the impuntics to be oxidized mto the 
skirnTmiig 

Blue powder is a mixture of metallic zmc particlea and zinc oxide, with, about 5 oz 
of silver per ton, and is an awkward product for disposal, as it yields only some 50 
per cent of its zmc on distiUatioa by itself At some plants it is returned to the 
retort w ith the’next charge of zinc crust , at*other plants it is added with the first zina 
to the desilverizmg kettle, where such metallic zmc as it may yield helps to saturate 
the lead with zmc and to assist m the removal of gold and copper At other plants 
it IS disposed of by sale to zinc smelters or to chemical plants as a source of zmc for 
hthopone manufacture 

Litkarge produced as a slag at the cupel is quite impure and contains, m addition 
to a considerable amount of silver, copper antimony, arsenic, tellurium, selenium, and 
bismuth It is preferably treated m a reverberatory furnace but is sometimes sent 
to the lead blast furnace 

Retort and cupel breakings are usually in large irregular pieces, containmg con 
Biderable oxidized zinc and arc quite refractory, however, thej usually contain a 
considerable amount of silver Because of their refractory nature they cannot be 
successfully smelted m the reverberatory and are usually sent to the lead blast furnace 
Paikes Plant Layout — The flow sheet of a typical efficiently arranged refinery 
usmg the Parkes process with a small Pattmson division, built for a monthly capacity 
of 5000 tons of lead bullion is shown m Fig 66 

The Pattmson Process — This method of dreilverizmg lead is based on the fact 
that when molten low grade silver bearing lead is cooled to its freezing point, crystals 
of lead separate out that are much poorer in sdvec than the stiU hqiud original lead 
If these crystals are removed and the procedure repeated, always addmg fresh lead of 
the same silver content, the greater part of the original bullion can be obtamed m 
the form of market lead low m silver, leaving the balance m the form of an enriched 
lead ready for cupellation By the repeated meltings and crystallizations involved, 
many of the impurities will be oxidized and collected m drosses, and the market lead 
will be correspondingly purified A point will be reached eventually, bejond which 
the ennehment of the bquid lead cannot be earned The process stops automatically, 
m practice, when the silver content of the hqmd lead reaches 450 to 500 oz of silver 
per ton, this material then goes to the cupels The gold follows the silver through 
the process 

Of the base metals commonly found in lead bullion antimony, nickel and bismuth 
are also concentrated in the hquid lead, atsemc m the crystals, copper, which has 
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Fig. 67. — Parkes-Pattison plant, cross section. 
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not been removed in the softening furnace, or bj dressing, remains equalij distributed 
between the liquid and crjstal lead 

The process may be conducted in one of two standard sj’stems, the method “by 
thirds,” or the method bj eighths ” In the first and more common method, tno« 
thirds of the metal in the kettle is withdrawn in the form of crystals, one-third remain- 
ing as liquid inctal richer in silver In the second method, se^ en-eighths of the metal 
13 taken out as crjatals, one-eighth remamn^ as liquid The distribution ot sdier 
m the crjstals and liquid in the two methods u illustrated in the examples below, 
« hich arc taken from practice, except that the assn} s are rounded figures 


Original Bullion — 100 Tons — 56 ox 

pet Ton — 5600 oi Total* 

“Thirds" Method 

W eight, tons 

Assay, Ag, oz per ton 

Total oz Ag 

Crystals 

66 67 

35 1 

2.333 3 

I-iquid ' 

33 33 

100 

3,333 3 

Total j 



5,666 6 

Original Bullion — 

100 Tons—W 

oi per Ton — 2000 oi 


"Eighths” Method 

B eight, tons 

Assay, Ag, oz per ton 

Total 01 Ag 

Crjstals 

87 5 

U 

1,225 0 

1 iquid 

12 5 

60 

750 0 

Total 



1,975 0 


> lifum •!« (ron ( not«s of It b Lcvison Am S nclUoc A Itefintnc Co 


The method b} eighths was applicable on]} to bullions low in silver ttith 
rich bullion the proportion of silver retained in the crjslals became prohibitive!} higli, 
and the method b} thirds was more teonomical 

The original hand-labor Puttinson process was, until recently, m use in England 
and Germany Maehtncf} has been introducid to reduce the labor of withdrawing 
cr}sta]s and ladling out the liquid lead the two principal mechanical modifications 
of the original procc-^s being th< Luce-Ilozan ami the Tredinnick In both, the metal 
IS stirred by steam and the liquid drown oH, lea>-,ng the crystals m Ibe kettle 

The procedure of the original process, using the method by thirds, is as follows 
The kettles, varjing in number from 8 to 15 according to the richness of the bullion, 
are arrangetl m a row, the position of the charging pot, or kettle m w'hich the work 
lead \a first wvcltevl down, varjmg m accordauct with the proportion of fcdvcr m the 
lead 'fho pots are numbereil m senes, from the market load end upw ard, the charging 
pot may be, m a senes of 12 pots, anywhere between No 0 and No 10 

The melted bullion in the charging pot is poled and dressed, and the fire wnfhclrawn 
and transferred to the nest pot, m t^ melting stage Crusts forming at tlic sides 
of the pot are pushed down into the lend to be remelted, and the bath is continuous!} 
stirreil m order to ensure uniform cooling throughout As crjstals form, the} are 
lifted, drained, ami lransforri*d, when dry, into a neighboring pot, usual!} “down the 
house,” to the right Tins continues until two-thirds of the contenU of the charging 
pot has be< n reraov e<!, when the remaining one-third of still liquid lead is ladleil into 
the adjoining pot, “up the house,” to the left If there is then on band, from previous 
operations, lead equal m silver contents with Ifiat in these two right and left pots, 
respectively, an e*actl> similar operation is commenced viith each of tliese simul 
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taneously. The charging pot thus becomes filled from the crystals of the kettle at 
its left arid the liquid lead of the kettle at its right. In this same manner the opera- 
tions are continued, the kettles “down the house” decreasing in silver tenor and the 
kettles “up the house” increasing, until the silver content of the lead in the market 
kettle at the extreme right is 0.3 to 0.5 oz. per ton, and that of the liquid lead at the 
extreme left is at the maximum, about 500 oz. Before the whole plant can be in 
working order, a number of crystallizations must be performed in order to have on 
hand the necessary amounts of lead of different silver contents required to fill the 
several kettles. 

The Luce-Rozan Method. — In this modification of the Pattinson process, steam 
is used for stirring, and the apparatus and the arrangement of plant are of radically 



different nature. The plant is shown in Figs. C8, 69, and 70, and consist of two melt- 
ing pans a, one crystallizing kettle h (Fig. 70), and two large conical molds, instead 
of the long line of some 12 kettles of the original Pattinson arrangement. The two 
cast-iron melting pans, used alternately, each holding 7 ton's of lead, can be raised by 
means of a steam crane, so as to pour their contents into the crystallizer, which holds 
20 tons. 

The mode of working is ns follows; The bullion is melted down in one of the melting 
pans, dressed, and run into the prernously heated crystallizing kettles by raising the 
hack end of the pan. In the crystallizer it is stirred by steam at 45-lb. pressure, cooled 
by withdrawal of fire and by water sprays, and two-thirds of the contents become 
crystallized. The still liquid lead is then run into the conical molds from the erj's- 
tallizer, and the fire under the latter replaced and the crystals (13)^ tons) remclted. 
In the meantime, 6I2 tons more of lead, with the same silver content as that in the 
crystallizer, has been melted down in one of the pans, so that, as soon as the crystals 
have been rcmelted, it can be run in and a new operation begun. The other melting 
pan contains load equal in silver content to the crystals that it is expected will be 
produced from the next operation, and this second pan is being melted down in readi- 
ness for the next following crj'stallization. 
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Eleven crystallizations are necessary to obtain market lead from lead bulLon 
averaging 146 oz of silver per ton Six charges are run in 24 hr Two men per shift 
attend to the crystallization, all lead handling is done by a crane man and helper 
As in the band Pattmson process, a number of prelimmary crystalhzations — 66 at 
Pribram, Czechoslovakia — moat lake place to furnish the necessary mtennediary 
grades of lead for normal work 



Pio 69 — Luce-Rotan plant 
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Fio 70 — laice-Rozan plant 


Products of the process (from above bulhon) are rich lead of about 262 oz of 
silver per ton, desilverized lead of about 0 43 os per ton, dross, and flue dust The 
rich lead is cupeled, the desilverized lead is refined in a reverberatory furnace to remove 
arsenic and antimony and then molded mto market bars, and the dross and dust are 
workedupwithaimilarbyproductsfromotherpartsoftheworks Acunousbj prod 
uct sometimes encountered m the steam Pattmson process is a small incrustation of 
mmmro — red lead — ^which forms in the crystalhzer, produced by the action of steam 
on the lead at a temperature just below redn^ 
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The Luce-Rozan method runs into greater plant cost and maintenance than the 
original Pattinson, but its advantages more than offset these items. Softening of 
the lead bullion is not so imperative; the cost of labor is only 30 per cent, and of fuel 
40 per cent, of the Pattinson cost; and only about one-third of the amount of drosses 
obtained in the Pattinson cycle is produced in the Luce-Rozan. 

Other Pattinson Processes. — Several other variations of the Pattinson process 
have been developed and used to some extent. These do not introduce any new 
principles but differ in the equipment used and reduce the time required for the process 
verj’’ materially. These include the Tredinnick process and the Hall process. The 
Pattinson process is not used in the United States for desilverizing at the present time. 

Cupellation. — The rich leads from the Pattinson process, eontaining 250 to 600 oz. 
of silver per ton, and the retort bullion from the Parkes process, containing 2000 to 
5000 oz., are finally treated by cupellation for the separation of the precious metals. 
This process consists essentially of melting the rich lead in a reverberatory furnace 
and exposing it to a blast of air, by which the lead and the base metals are oxidized 
and slagged off in the form of litharge of varying degrees of purity, while the silver and 
gold, having scarcely any affinity for oxygen, remain behind in metallic state. The 
oxidation is accomplished mainly by the action ot the air blast and partlj'- by the action 
of the molten litharge, which absorbs an excess of oxygen and gives it off to the under- 
lying impurities Cu, As, Te, and Se. The cupellation of gold-silver-lead and the 
parting of dor6 bullion are discussed elsewhere in this volume. 
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TREATMENT OF ZINC CRUST AND ELECTROLYTIC SLIME 

PART I TREATMENT OP ZINC CREST PRODUCED FROM 
DESILVERIZATION OP LEAD BULLION 

Rt T P JoVE3‘ 

Introduction — In this section the treatment of tine crusts produced in the Parkes 
desilvensing process will be described In the process of desilveritmB the refineries, 
if conditions warrant, can carrj out a separate degolding operation, the crust being 
treated separately from the siher line crust However, m Rcnernl, it w regular prac 
tice to remov o the gold and aih er m the regular desih cruing crust, paj mg particular 
attention to crust ennehment, eo that at the present tunc w>-caUed silver iinc crust 
w ill assay 3000 to SOOO os dor6 per ton and 30 per cent zinc fho crust ts then aub* 
jeeted to the distillation or retorting process for the recovery of zinc, which is returned 
to the desihcrisuig process 

Retorting — Die Faber du Faur t>pe retort furnace is univcrsa11> used for retorting 
In former timoa tho furnace was cubical in shape However, man} improvements 
have been made m construction so that at the present tiuic the outside dimensions of 
the furnace are generally 3 ft 10 in in width and 4 ft in depth, the over all length 
being 6 ft The furnaces are well balanced tilting furnaces equipped with a suitable 
cast-iron shell which swings on trunnions Mo<lern furnaces are well insulated, the 
ait iron shell being lined with suitable insulating materia), the inner lining being of 
9-in fire-clay or high alumina brick 

The arch of the furnace la so constructeil that it follows closelv the contour of the 
retort crucible in place Every effort has been exercised in the firebox construction 
to provide conditions that would produce the maximum temperature adjacent to the 
retort crucible walls 

Retort furnaces are general)} heated by gas or oil and are fired from the front or 
rear of the retort >Miile considerable controvers} has existed over proper firing 
arrangements, experience has shown that the position of the burners has relatively no 
effect on the actual results obtained The fiue opening from the firing chamber is 
always on the same side as the burner^ and tJua ycoYubia, foe aw.ep.piDg, action of the 
hot gases in order to obtsm maxunum fuel efficiency 

Formerly, the retort furnace flues discharged into a large mam brick fiue and thence 
to a stack Most recent installations provide for individual stacks of steel construe 
tion into which excess cold air may be drawn for cooling purposes Usually, three 
individual stacks lead to a common header pipe, extending through the roof This 
type of construction provides ample working space and excellent working conditions 
for the operators Today, with modem construction and ventilation, retorting 
becomes a very desirable operating job, whereas in former times it w as most unat- 
tractive to the operators 

The retort crucible, or No 11 crucible, as termed by the manufacturer, is of 
standard shape and produced from select clays and Madagascar large-flake graphite 

' Traveling metallurgist American Bmdt ng & Refining Co 
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Great progress has been jnade in details of retort constructionj which, together "unth 
proper preheating facilities by the refineries, has increased retort life from 40 charges 
10 years ago to 70 charges at the present time. 

It is general practice to store retorts in hot drying chambers at the refineries and 
remove directly from the hot chambers to the retort stands as required. When 
setting the retort crucible. It is alwayr good praotioe to provide a now stool or pillar, 
as a defective stool will cause the retort to shift during operation and breakage will 
result. The crucibles arc usually set on the stools at an angle of inclination of 30 deg. 
from the horizontal. In this position, the crucible will have a capacity of 1300 to 
1400 lb. of sized Parkes silver-zinc crust and also provide maximum heating area. 
The neck of the bottle is supported b 3 ' brickwork, the top of the neck extending out 
1 in. from the face of the brickwork. 

Considerable care must be used in starting retorts under fire. It is good practice 
to raise the temperature slowlj', allowing approximately 8 hr. to reach maximum 
temperature. During this period, charcoal or other reducer must be placed inside 
the retort, in order to prevent excessive oxidation of the retort lining. It has been 
determined that the clay mix does not glaze over until a temperature of 1700°F. is 
reached, and unless a reducing agent is present during the heating-up period con- 
siderable life may be lost. 

Condensers are usually of cast-iron construction, supported by a condenser stand. 
Modern construction provides for the condenser stand to be fastened to the furnace 
trunnion, and the stand swings in an arc and is held in place by a toggle hook. Suit- 
able high-velocitj' ventilators extend over the mouth of the retort, in order to remove 
any escaping fume. 

Once the retort has been charged and the condenser is in place, the minimum 
amount of fiire clay or adobe for luting is used. Excessive use of adobe or fire clay 
causes the condenser to hum out. 

The proper operating temperature for retorting is approximatelj^ 1260°C., or 
2300°T. Distillation requires b to S br., and during this period approximate! 420 lb. 
of zinc is distilled and cast into 50-lb. slab bars. Blue powder, approximately 12 lb. 
per charge, is formed during the operation, and the blue powder can largely be con- 
trolled by producing high-grade silver-zinc crust. Inferior silver-zinc crust containing 
much fine material requires a longer time for distillation, with subsequent increase 
in production of blue powder. The production of blue powder can be greatly reduced 
bj’ adding flux with the silver-zinc crust charge. Still another practice to reduce the 
net blue powder produced is to screen the production, using totally enclosed shaker 
screens and returning the metallics dircctlj’^ to the retort charge, the end product, 
relativelj' low in dor6, being shipped to a zinc smelter for recovery of zinc. 

During distillation the condenser is of a cherrj' red color, and toward the end of 
distillation this color disappears and the eondonser becomes dark in color, which 
indicates that the charge is nearh* cooked. 

The fuel oil required per ton of silver-zinc skim ranges from 40 to 60 gal., and where 
gas is used, the equivalent amount of B.t.u. is required. One man will operate 
three retorts per shift and at times can handle four retorts. The zinc in the final 
retort metal will analyze IH to 2J< per cent zinc. The retort metal assays 6000 to 
14,000 oz. dorc per ton, depending on pretreatment of silvcr-zinc crust prior to 
retorting. 

Cupellalion of Retort Bullion. — Considerable improvement has been made in 
cupel-furnace constniction. While the old conventional typo, comprising a removable 
test pan and stationary side walls and arch, is still in use, modem cupel construction 
consists of a sheet-steel shell resting on a tilting mechanism. The hearth, side walls 
x\nd arch arc contained in the steel shell and are a complete unit. 
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Cupels in general are usually heated by oil or gas, the burners being located in the 
rear of the furnace directly opposite the charge door 

The new type cupels have a novel flue arrangement, the off-take flue being con- 
structed of heavy sheet steel, built in sections which are adjustable. The off-take 
flue rests in position just over the charge door to the cupel, and sufficient extraneous 
air is drawn in with the hot cupel gases and fume to provide cooling, permitting the 
use of sheet-steel flues that have many advantages over the old-type brick flues. 

The cupels are fitted with water-cooled jackets that serve to hold the breast of 
the cupel. The only reason for using water is to protect the breast material that is 
cut down by the operator during the cupeluig cycle. A cupel is equipped with two 
or more tuyferes, extending into the furnace through separate ports on either side of 
the burner ports. Compressed air at a pressure of 1 6 to 20 oz. is admitted through the 
tuyeres in order to obtain rippling action on the surface of the bath. To obtain proper 
cupeling conditions, the tuyeres arc adjustable so that the air stream may be directed 
in any desired maimer. 

Cupels vary in size according to the dor6 output of the respective refineries. At 
the present time, cupels are capable of producing 100,000 to 350,000 oz. of finished 
dor6 per charge, the latter hamng outside dimensions of 7 ft. 11 in. in vifidth and 10 ft. 
2 in. in length, with a bath depth of 14 in. UTiere the larger cupels can be used, there 
is a considerable'advantage, as the dor<S output per day, per cupel, is greatly increased, 
thus resulting in lower costs. 

Under normal operating conditions, cupels are charged by adding cold bullion 
bars or hot charged from ladles containing hot retort bullion from the retorts. Bars 
or hot charges are added intermittently during the cupellation period until sufficient 
dord is present for a full dord charge. 

The impurities found in retort metal are, as a rule, zinc, arsenic, antimony, copper, 
bismuth, and tellurium — a typical analysis being as follows: 


Donfi — GOOD TO 14,000 Oz. pek Ton 


Impurity 

Per cent 

Impurity 

1 _ 

Per cent 

Zinn 

1.5- 2. 5 
0.4 

1.0 

1. 5- 4.0 

Tellurium 

0.2 

0.25 

Balance 

Arsp.nio. i 

Bismuth 1 

ArjtiTnonv 

Lead 

Copper 



The process of cupellation has for its object the separation of silver and gold from 
lead and the above-mentioned impurities. The operation of a cupel consists of first 
filling a cupel approximately one-half full of retort metal, melting down, and approach- 
ing a temperature of 2100°F. The tuj’crcs arc opened, and the bath is thoroughl}' 
rabbled in order to incorporate the zinky retort dross with the litharge formed during 
the early stages of cupellation. The thought is thoroughly to demetallize and desil- 
verize the hca^• 5 • drossy material which is relativelj’ high in zinc. 

The impurity zinc is readily oxidized, about 25 per cent going to the baghouse and 
75 per cent collecting in the litharge. As soon as the cover slag thins down to the 
point where it can be removed from the cupel, the furnace is tilted and the zinky 
litharge drawn off through the breast to suitable portable pots or pans. As a cupel 
cycle may consume as much as 3 days, it is understood that current production of 
retort metal is continuously added to the cupel bath or until such time as there is 
sufficient dord present for a full charge. During this charging period, litharge con- 
taining most of the zinc and a portion of the copper has been withdrawn from the 
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furnace, jn order to make room for additional dor4 material Durmg this period, the 
arsenic and antimony content have also been removed, the greater portion being 
contained m the htharge 

The final stage of refining consists uiremoving lead copper, bismuth, and tellurium 
The copper is removed gradually, bemg continuously oxidized by the large amount of 
PbO that IS present During the latter stages of refining, the litharge is properls 
termed copper htharge as it may contam as much as 10 per cent copper, while so-called 
good litharge will contam approximately 1 to 1 5 per cent copper Bismuth con 
centrates in the dor6 until the last stages of refinmg, when it becomes oxidized and is 
removed with the litharge After the last litharge js removed, it is often necessary 
to add approximately five bars of refined lead to form additional htharge, m order to 
remove the last traces of impurities with the exception of tellurium Tellurium tends 
to remain with the silver and is removed by successive treatments with sodium nitrate 
after all the litharge is removed Fully refined dord v ill assay 995 parts per thousand 
gold plus silver the balance bemg largely copper The dord is cast mto anodes for 
the electrolytic parting process or plates for the sulphuric acid refining process 

In instances where the dord is shipped to distant parting plants, it is cast into bars, 
usmg molds similar to those used for refined silver bars 

One man per shift is required for the operation of each cupel, and the fuel vanes 
directly v ith the size of the cupel The large cupels, having a capacity of 300,000 oz 
dord will require 270 gal of oil per day, the cycle on the larger cupels bemg 3H days 

PART II TREATMENT OF ELECTROLYTIC SLIMES 

Bt Dokalo M Lipdell' 

Treatment of Copper Slime — The slime produced m the electrolytic refining 
of copper varies m both quantity and composition with the kind and grade of anode 
metal refined Most of the refineries attempt to blend and refine the pig copper in 
the anode-castmg furnaces in order to secure anode metal assaying about 99 per cent 
copper The yield of slune from this grade of anode metal should average betn een 1 
and 2 per cent of the weight of anode dissolved Typical examples of copper anode 
slime are given m the following table 



1 1 

2 

3 

4 

5 

6 

7 

Ag, ounces per ton 

6220 4 

4680 5 

14,012 8 

9631 5 

3600 0 

927 90 ' 

310 5 

Au, ounces per ton 

143 6 

64 5 

91 7 

96 55 

800 o' 

402 75 

10 15 

Cu, per cent 

IS 24 

28 09 

13 53 

4 47 

40 0 

69 03 

46 53 

"Ni, per cent 

1 63 

2 &4 

0 54 

0 27 


2 03 

23 13 

As, per cent 

0 32 ' 

1 12 

2 16 

1 97 


0 15 

0 28 

Sb, per cent 

4 56 

3 54 

3 04 

7 20 


0 15 

0 68 

Bi, per cent 

Trace 

None 

Trace 1 





Se, per cent 

18 05 

16 14 

4 27 

1 15 

22 0 

0 85 

6 60 

Te, per cent 

2 36 

2 21 

1 07 

0 85 

3 7 

1 50 

0 27 

Pb, per cent 

4 95 

1 93 

8 83 

25 34 


0 79 

1 53 

Zn, per cent 

Trace , 

Trace 1 






b, per cent 

3 31 

4 09 

5 31 

4 99 


15 41 

1 58 

Fe, per cent 

0 41 

0 53 

0 ss' 

0 25 


1 04 

0 41 

SiOi, per cent 

4 27, 

6 35 ' 


0 43 


0 41 

0 93 

Sn, per cent 

1 05 

0 23 ' 


0 15 


0 09 

0 31 


I Tbif srctJonusina;or rfTuiOD of tbeeootnbubOKihv'n’ C Sautbia tb«or7g:3ndl t 
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Samples 1 to 4 were composite samples of the slime from at least 10,000 tons 
of anodes. Sample 5 is in the main a slime derived from Noranda bullion. Sample 6 
was taken from a run made on low-silver, high-goid anodes; sarop-'^ 7 was taken from 
a run on high-nickel anodes. 

Slimes-trcatment processes,* to be successful, must fulfil several requirements which 
may be listed as follows: minimum metal loss; prompt delivery of the bulk of the gold 
and silver; delivery of the by-products in a recoverable form; economy oi operation; 
and the introduction of no chemicals to the process which may have an injurious effect 
on the refining of copper if they later enter the electrolytic circuit. 

In the early days of electrolytic refining, the slime was screened to remove metallic 
copper, washed to free it of soluble copper salts, filtered to remove excess water, and 
cupeled with lead in a cupel furnace. The lead loss was heavy, and the litharge wa.s 
fouled with copper. It was discovered that much better results were obtained in the 
furnace work with a slime from which the copper had been removed. 

Copper Removal. — The first method employed for the removal of the copper 
from screened raw slime was to boil the slime with dilute sulphuric acid to which 
sodium nitrate was added in small doses. The boiling operations were conducted 
in lead-lined tanks equipped with paddle or air agitators; the slime was run into 
the tank, and enough sulphuric acid was added to make a 50 per cent sulphuric acid 
solution ; the mixture was then heated with steam to the boiling point, and the sodium 
nitrate was added a few pounds at a time. Heavy fumes of poisonous nitrous gases 
were given off, and if the sodium nitrate was added in too largo doses, the charge 
would foam over the top of the boiling tank. It often required 48 to 72 hr. to reduce 
the copper in the treated slime to 2 to 3 per cent. The lead tank lining was rapidb' 
attacked and needed frequent repairs. The copper solution from the slime leaching 
was settled to remove the last traces of suspended slime and added to the tank-house 
electrolyte. So long as the electrolj’te purification system withdrew a large volume 
of solution for the manufflcture of copper sulphate, no trouble from sodium compounds 
in the electrolyte was experienced, but with the decreased market for copper sulphate 
and the cyclic purification methods later developed for electrolj’te treatment, the 
sodium salts accumulated in the electroljtc and caused trouble. 

The raw slime was also treated for the removal of copper bj' boiling with 50 per 
cent sulphuric acid to which manganese dioxide was added in small quantities at a 
time, until the copper had been oxidized and dissolved. The addition of an excessive 
amount of the manganese dio.xide at one time would cause the charge to foam over the 
top of the boiling tank. The copper solution from the boiling of the slime contained 
manganese sulphate, and this solution could not bo added to the regular electrolyte 
as the manganese salt caused trouble in the electrolytic cells. The solution was, 
therefore, sent to the copper-sulphate plant and was used for the production of blue- 
stone. The manganese salts eventually went to waste in the spent liquors from the 
iron cementation tanks in which the last of the copper was precipitated from the 
mother liquors. These methods have been superseded bj' one of the several forms of 
cither oxidizing roast or sulphatizing roast, followed by leaching with dilute sul- 
phuric acid or water. 

Oxidizing Roast. — iVhen screened raw slime is subjected to an oxidizing roast, 
most of the copper is rendered soluble in dilute sulphuric acid.* This is due to the 
conversion of the copper and cuprous oxide into cupric oxide. The greater part of 
the copper in some slimes is rendered soluble at as low a temperature as IIO^C. How- 
ever. a temperature of 400 to 500°C. is required with most of them to render 95 per 

' AtktJiCKs, ’‘Copper Refilling/’ i>. 107. 

s However, it seerna proforable to use the sulphatizing roast rather than a plain oxidation, as this alsP 
flinnnntes much of the selenium. 
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cent frf tW copper soluble Boasting at the higher temperaturea usually also renders 
some of the silver and selenium acid soluble Hie details of roasting esperiments on 
shmes 6 and 7 of the table on page 220 arc as follows 


Sample 

1 

Boast, 6 hr 
at, "f> 

Per cent 

1 acid soluble Cu 

1 

Soluble Ag 

1 

Soluble Se 

Shme 6 

140 

* 12 34 

No 

No 


250 

71 96 

No 

No 


400 

91 96 

No 

No 


£00 

96 S3 

■ies 

No 

Shine 7 

200 

31 16 6 73 Ni 

No 

No 


300 1 

67 90 10 57 Ni 

No 

No 


400 

01 58 38 C2 Ni 

Yes 

No 


550 ' 

99 30 11 53 Ni 

Yes 

Yea 


Sulphatizmg Boast — Over 30 jears ago. Dr Edward BeUer found that if slimes 
were roasted with sulphuric acid practically ah the copper was converted to copper 
sulphate It was his opinion that if stoichioroetric proportions of acid were employed 
for combuiatien with tho copper optimum results were obtained It appears, how- 
ever, to bo the opinion today that the best results follow with the acid in excess 
Probably the treatment of slime at Ontario East as given by C W Clark and A B 
Heimrod* and C W Clark and J H Schlocn* represents the most modern practice 
that has been deeciibed 

Tlie origmal slime carries 40 per cent Ca, 3600 os Ag per ton, 600 o* Au per ton, 
22 per cent Se, and 3 7 per cent Te These slimes after filtering are dried at 250 to 
300*F hj about 10 per cent H>0 At this moisture there « very little dusting They 
are then mixed with 76 per cent of 60* sulphuric acid and roasted at 700 to 800*r 
in a Herreshoff furnace Acid is also sprayed mto the roaster durmg this process so 
that a total acid conaumptian of 2 2 to 2 6 lb of acid u used for each pound of copper 
present 

Over 95 per cent of the copper is rendered soluble by this means and the use of this 
excess of acid causes the volatilization of 80 to 95 per cent of the selenium present which 
IS caught m the fume-collecting system attached to the roasting furnace The col 
lected fume furnishes the basis for the plant’s selenium recovery The shme after 
leaching with the copper cames about 4 per cent Cu, 11,700 oz Ag per ton, 26 oz 
Au per ton, 15 per cent Se, 11 per cent Te If the copper»sulphate solution shows 
silver, it IS precipitated with a little copper scale The solution after removal of sdv er 
is electrolyzed to produce copper and sulphuric acid, the acid being used m the treat 
ment of future slime 

After removal of the copper, the shmes are leached with caustic-soda solution 
which removes the tellunura bj washing as sodium tellurite, which is used as a source 
of tellurium The filtered and washed dimes contam about 4 per cent Cu 12 000oz 
Ag per ton, 2700 oz Au per ton, 14 per cent Se, 1 5 per cent Te 

These slimes are smelted with soda and fine silica in a dor6 reverberatory furnace 
with magnesite bning The first slag contains most of the lead, arsenic, antimonj , 
and iron and goes back to the anode furnace The charge is then blown with air with 
fused soda ash for flux to eliminate the tellurium This second slag is leached mth 
Ibe caustic liquet {rum the slioies whicb takes out the selenmiu and tel- 

lurium, the leached slag going to the anode furnasc 
* Trant Eltctrothem Sue Vol 61 1932 
iAtME Terh Paper 982 ClaM P 57 1938 
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The dor6 in the furnace is given a final refining with niter to remove the copper, 
tiiis slag going back also to the anode furnace. 

Furnace Refining of the Treated Slime. — ^The first refineries treated the boiled 
and leached slime with lead in cupel furnaces, and this method is used today at those 
plants which refine both lead and copper. One method for charging the slime to the 
cupel furnace consisted in packing the slime in small paper bags which held 15 to 
25 lb. of slime and in charging the bags of slime onto the surface of the molten lead 
in the furnace. This method probably caused a heavy dusting loss. A better 
method consists in mixing the slime with litharge and a little fine coal and smelting 
the mixture in a small basic-lined reverberatory furnace to a slag and metal. The 
metal is cast in the form of bars and is fed to the cupel as needed; the slag is smelted 
in the lead blast furnace. Most of the copper refineries are not operated in con- 
junction with a lead refinery; hence other methods of treatment were developed. 

The melting of treated slime in a basic-lined reverberatory furnace yields a lead- 
antimony slag, called tapped or sharp slag, and a metal that consists of Ag, Au, Sc, 
Te, some Cu, and other metals. If the slime carries considerable selenium or tel- 
lurium, a third product, a matte or speiss, in which selenium and tellurium take the 
place of sulphur, may be formed. This matte or speiss is a most troublesome material 
to handle and may carrj^ as much as 50 per cent silver. Several methods arc used 
either to prevent the formation of this matte, or to decompose it after it has been 
formed. 

Fluxing the Slime. — The treated slime is often mixed with fluxes before charging 
to the melting furnace. The fluxes used are silica, lime, soda ash, salt cake, niter 
cake, caustic soda, or a mixture of several of these. The thin slag that is formed 
is tapped from the furnace, and the metal is oxidized by forcing compressed air under 
the surface of the metal through iron pipes. A second slag is formed, which is skimmed 
off, and the metal is refined to dord with air and niter, or niter and soda ash. When 
slimes carrying excessive amounts of copper, selenium, and tellurium are being fur- 
nneed, a matte will separate from the metal during the refining process; this matte 
retards the refining operations and is best handled by tapping off, crushing to 10 mesh, 
roasting and leaching with sulphuric acid for the removal of the copper before return- 
ing to the melting furnace. 

The following data* show the composition of the matte at different stages during 
an attempt to oxidize it in the melting furnace by means of air, niter, and soda ash. 
Samples were taken every 4 hr. over a period of 28 hr. 


Sample No. 

Au, ounces 
per ton 

Ag, ounces 
per ton 

Cn, 

1 per cent 

1 1 

Se, 

^ per cent 

Te, 

per cent 

1 

139.15 

13,751.8 

20.67 

22.83 

0-50 

2 

105 .65 

14,336.0 

22.88 

20.80 1 

1.20 

3 

67.42 

14,139.3 

25.33 

19.34 

1.35 

4 

25.70 ! 

12,016.0 

33.07 

15.25 

1.52 

5 

18.15 

9,685.1 

33.81 

12.05 

2.48 

6 

10.20 

8,707.9 

31.83 

7.67 1 

2.44 

7 

6.85 

8,102.5 

47.32 

0.62 

1.20 

8 

5.10 

7,664.9 

49.40 

1 

0.15 

0.07 


* Pcraonal notes of W. C. Smith. 
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These shmes had been given an oxidutng roast only, and the difficulty of ehmmat* 
mg the selenium shoAis the advisability of the sulphatizing roast 

Atone plant, the treated slime is melted without flux to a sharp slag and a matte or 
’peiss and metal in one furnace, the slag is tapped off, and the metal and speiss are 
transferred to a second furnace m which the mixture is refined to dorc with air, caustic 
soda, and niter 

The sharp slag from the shme-mclting furnace usually catties 0 5 to 4 os pet ton 
of gold, 125 to 500 or per ton of silver, with varjung amounts of copper, lead, and 
antimonj' A typical slag wll assay about ns follows 



The sharp slag is sold to the lead smelter for the gold, silver, and lead contained in 
it, 18 smelted to copper matte m the ore-smelting furnaces and the matte blown to 
blister copper m converters , charged to the anode furnaces, or smelted to black copper 
m the copper blast furnace The last two methods are the least desirable, since the 
sharp slag contains many impurities which go mto the anode or the black copper and 
arc circulated through the process A partial elimination of these impurities is made 
tn both the matte smeltmg and converting operations, hence this method of treat- 
ment gives a better ehmiaation of the impurities, but, unfortunately, many of the 
refineries do not smelt sulphide ores 

Sharp slags, which contain high silver values, and the second slags, produced during 
the refining stage, are generally re-treated in the slime-melting furnaces either with 
slime or m separate campaigns, and eventually report as sharp slag 

The soda-niter slags are either charged to the slime-melting furnaces with shme, 
r are first crushed and leached for the removal of the selenium and tellurium con- 
tamed in the slime, and the leached residue is returned to the slime furnace 

Shme Furnaces — Small oil-fircd leverheratory fumacea lined with magnesite 
or chrome brick are used for the melting of the slime The charge is introduced 
at intervals, and each batch is melted down before the next charge is made Sharp 
slag is often tapped from the furnace several times before the furnace is fully charged 
It IS customary to add a small amount of coal to the slag, to 1 hr before the slag 's 
tapped, in order to secure a cleaner sl^ The shme may be charged to the furnace 
through the regular working door by shoveling, or by dropping from hoppers through 
charge holes in the furnace roof The life of a furnace bottom is 6 to 12 months, the 
side walls and roof require patching about every 30 to 60 days 

Metal absorption of a furnace is almost directly proportional to the volume of the 
brickwork below the Jnttal line of the furnace, hence, in order to reduce the interest 
on the metals tied up m furnace linrngs, the furnace should be of such design ns to 
have the maximum capacity with the mmimum of lining consistent with good fuel 
consumption and furnace life A thinly lined cylindrical tilting furnace has been 
developed Two small furnaces of this construction replaced one furnace of the 
stationary type, each furnace melts and refines a charge of 6 to 8 tons of shme in 48 
to CO hr , while the larger furnace requires 00 to 120 hr to treat 12 to 15 tons of shme 
The two small furnaces absorb less metal than the single larger furnace and also make 
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an interest saving of 5 to 6 days on the metals in process. This saving is made by the 
reduced time the slime is waiting for furnace treatment, the reduced time the metal 
is in the furnace, and the reduced time the dord is awaiting parting because of the 
delivery of very large batches to the parting plant necessary with the large furnace. 

Metal Losses. — ^The gases from the slime-roasting, -melting, and -refining fur- 
naces contain Ag, Au, As, Sb, Se, and Te; hence some method for the recovery of 
the values from the furnace gases is necessary. The losses are due to both volatil- 
ization and mechanical dusting of the charge. As much as 1.25 per cent of the 
silver in the slime treated has been recovered from the furnace gases. The earlier 
plants used settling chambers and water scrubbers, but these were never satisfactory. 
Baghouses could not be used because the acid in the gases rapidly destroyed the bags. 
Cottrell precipitators are used for this work with good results. The treaters may 
handle the gases either hot, or wet and cold. The hot treater can be made of steel, 
but the wet treater must be constructed of lead or other acidproof material. The 
wet treaters are more expensive to build than the hot treaters, but have found the 
most favor. 

There seems to be no question that silver refineries should be equipped with both 
scrubbers and Cottrell precipitators. The very modern plant at Ontario East has 
a brick flue followed by a steel flue in which the gases cool to about 400°r. and from 
which they enter three tower scrubbers that are fitted with sprays and rain plates. 
.Vbout 90 per cent of the material that passes the flues is recovered in these scrubbers. 
The gases leave the scrubbers at about 125°F. and go to Cottrell tube precipitators 
12 ft. long. A constant watch is kept on the effluent gases from the Cottrell, but the 
loss is said to be less than S2 a day. Both the scrubber system and the Cottrell use 
antimonial lead to resist the highly corrosive gases. The scrubber solution goes to 
tlic selenium precipitating plant, while the scrubber mud goes back to the slimes- 
roasting furnace. 

Recovery of By-products. — The by-products of greatest commercial importance in 
copper slime are selenium, platinum, and palladium. The platinum and palladium 
remain with the gold and silver, are delivered to the parting plant in the dor6, and are 
recovered during the refining of the gold. Reference should be made to the separate 
chapters covering these metals. 

Wet Methods for Slime Treatment. — Much thought and money have been 
expended in trying to develop wet methods for the treatment of slime, and several 
promising schemes have been given large-scale tests, but no such methods are in use 
at the present time. The wet treatment of the slime for the removal of the copper, 
followed bj' furnace refining to dord and the parting of the dor6, is far from perfect, 
but yields better resiilts than any wet process known. The methods used for the 
treatment of the lead slime produced by the Betts process of lead refining are given on 
page 378, Electrolytic Refining of Lead, and pages 141 to 142, Bismuth. 

Treatment of Electrolytic Tin Slime. — The Ameriean Smelting & Refining Co., 
at the Perth Aniboy, K. J., plant, at one time operated an electroljd;ic tin refinery. 
Very little information relative to the process has been given out. It is known 
that the impure tin treated carries lead, bismuth, and silver as the chief impurities. 
The slime is said to have carried Sn, 30; Pb, 20; Bi, 20; Cu, 5; As, 3; Sb, 5; and it is 
said over half the lead was present as sulphate. ISTo details of its treatment were given 
out, nor has the author ever been able to ascertain the precious-metal content. If 
the slime were to be charged to the cupel furnaces the tin would be lost. 

OTHER SILVER- AND GOLD-BEARING MATERIALS 

Treatment of Cyanide Bullion. — The silver bullion produced by the cj'anide 
t>‘eatmcnt of silver and silver-gold ores is often refined and parted at the large refineries 
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on a custom basis The bullion is weighed and sampled, either bj drill sampluig or 
by melting and dip sampling, charged to the cupel furnaces or the slime refining 
furnaces, and refined to a suitable dord for parting 

The cj anide preapitates at Pachuca, Meooco, are first treated with dilute sulphuric 
acid to remove as much sine as possible are then melted in a basiC-lined reverberatory 
furnace and are refined with air to a very high grade dorS for electrolytic partmg 
Low-grade cyanide precipitates are treated at some of the lead refineries by mixing 
wifh litharge and a small percentage of coal, and smelting to a rich lead, which is then 
treated in the cupel furnaces 

Sulphide precipitates are handled in the same manner, except that no coal is 
used in the mixture, the sulphur in the precipitates reduces sufficient litharge to metal 
lie lead to collect the values Tbc litharge slags from this furnace are re-treated m the 
lead blast furnace 

Jewelry Sweeps and Other Industrial Wastes — These materials are usuaUy m a 
very finely divided state when received and arc sampled and graded into two classes 
according to the assay value High grade material is often charged directly to the 
cupel or slime furnace in order to get the bulk of the precious metals on the market 
as soon as possible The low grade materials are sintered, bnquetted, or nodultzed 
with other fine material and smelted m either lead or copper blast furnaces The 
lead bullion or copper matte, or both, serve os the collector for the precious metals, 
and these products are treated for the precious metals they contain The rich lead 
» either dcsilverwed by the Packes process or, if sufficiently rich, is sent to the cupels 
directlj The copper matte is blown to blister copper in converters and refined ele<.- 
trolj tically, or the converter copper is shotted by pouring in a thin stream into w ater, 
the shot copper is dissolved in shot towers or oxidizers by sulphunc acid, the copper 
IS crystallized as blue stone and the insoluble residue from the shot copper is treated 
m the cupel or slime furnace for the values contained in the copper 

A general rule not alw ays observed m the treatment of very rich material is that it 
M often wise to make chemical perfection subservient to saving interest charges on the 
metals tied up in the process 
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THE METALLURGY OF COPPER 

By Francis R. Fyne* 

The ores of copper may be classified under three main groups; native copper 
ores, oxide ores, sulphide ores. Native copper ores occur principally in the north- 
ern part of Michigan, and in three main forms: vein deposits, in which the copper- 
occurs at times in enormous masses; amygdaloidal diabase, through which copper 
is disseminated ; conglomerate, in which the cementing material consists, to a degree, 
of metallic copper. Native copper also occurs in China to a small extent. In Chile 
it occurs as copper barilla, in which the fine metallic particles are disseminated 
throughout sandstone. 

The principal oxide ores are malachite, CuC03.Cu(0H)2; azurite, 2CuC03.(Cu- 
0H)3; cuprite, CujO; atacamite, CuCh; and brochantite, CuSO.i.3Cu(OH)2. The 
oxide ores form much of the bulk of the South American and African copper supply. 
The principal sulphide ores are chaleocite, CU2S; chalcopyrite, Cu2SFe2S3; covellite, 
CuS; bornite, 3Cu2SFe2S3; and to these should be added copper-bearing pyrite, 
FeSs. 

The sulphide ores, however, furnish the bulk of the copper supply of the world, 
though the oxide ores are of importance, lire advent of the flotation process of 
concentration followed by the development of selective flotation has virtually elimi- 
nated the direct smelting of ores and has substituted, therefor, the high-grade con- 
centrate resulting from the practice of flotation concentration prior to smelting. 

Smelting of Sulphide Ores. — ^In the smelting of sulphide ores, which may be 
considered as mixtures of copper and iron sulphides accompanied by siliceous or 
basic gangue, advantage is taken of the strong affinity of copper for sulphur and its 
weak affinity for oxygen, in comparison with the other bases in the ore. The object 
of smelting is to cause by fusion the conversion of the gangue into as valueless a 
slag as possible by the addition of proper fluxes, and at the same time to concentrate 
the copper and other valuable constituents of the ore into a small amount of high- 
grade material for further treatment. 

TVo important materials are formed during the smelting of copper-sulphide ores: 

(1) the slag produced by the combination of the gangue of the ore and the added flux; 

(2) the matte which is the product of the fusion of the metallic sulphides. Of these 
two products, the slag receives the first consideration of the metallurgist, because the 
sulphides melt readily under almost any circumstances, but unless the slag-forming 
constituents are properly proportioned serious difficulties will result. 

A satisfactory slag must possess the following qualifications: (1) It must be as 
economical as possible, and to this end the other qualifications arc subordinated, 
as a scientifically perfect slag may in the end be so expensive that any margin of profit 
is wiped out in its cost. (2) It must be sufficiently liquid to flow freely, but should not 
require an excessive amount of fuel to produce this condition. (3) The specific 
gravity should bo sufficiently below that of the matte to permit the latter to separate 
thoroughly from it. 

^ConpxiUing engineer, BUzabeth. N.J. 
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The typo of slag to be made depends, of course, on the slag-forinmg constituents 
a\ailab]e, and on the following general properties of the silicates 

^'ubsihcntes — hile these slags are very fluid, they have a high formation tempera 
turc, and the specific gravitj is so h^ as to make clean settling difficult, thus causing 
high metal losses In addition, they are very corrosive and destructive to furnace 
and settler linings Their formula is (FeO)jSiOj 

MonostUcates — These are quite ftud, but have a high formation temperature 
and are of suffieientlj high specific gravity to make clean settling diflicult Basic 
silicates have a high dissolving power for metallic sulphides and thus tend to increase 
the metal loss m the slag 

Seaquisihcales — These are mixtures of monosilicates and bisilicates, and are gener- 
ally employed in smelting operations The> are sufficiently fluid to flow freely, the 
formation temperature is not excessive, and the specific gravity is sufficiently low to 
permit of clean settling with a consequent reduction of the metal loss 

BtiilicaUs — These slags have a loner formation temperature, and the specific 
gravity is low But they are more or less thick and viscous unless a high working 
leinpctaturc is earned m the furnace, bo that the slag flows freelj Consequently, 
they require more fuel and thus are more expensive IVhen used they are, however 
very clean slags Their formula is FeO SiOi 

Trisilicalfj — These are seldom met with m any metallurgical practice as they 
require a very high temperature for their formation, and, as they are extremely viscous, 
require an excessive amount of fuel m order that they may flew properly 

As silicates with two or more ba«e$ are cbaractenzed by increased fusibility and 
fluidity , up to a certain point, it frequently becomes advantageous to hav% a small per- 
centage of lime present Frequently, on account of a shortage of iron, it becomes 
necessary to replace it with hnic to a considerable extent, and this generally adda to 
the cost of the slag 

The amount of matte formed is dependent on the amount of available sulphur 
m the ore Bj available sulphur is meant that sulphur that is present uhen the 
temperature of the furnace is such that chemical activity commences between the 
copper, iron, and sulphur 

MTien the raw sulphides are subjected to heating in a neutral atmosphere, anv 
sulphur in combination with copper in excess of the compound CujS will be expelled, 
and the product of fusion will be CujS, which may he said to be the stable compound of 
copper and sulphur Similarly with the iron sulphides, an> sulphur in combination 
with iron in excess of the compound FeS wiU be expelled, and a fusion will result m 
the formation of this compound Should, however, the heating be carried to a point 
somewhere between 1200 and IfiOO'C , a further amount of the sulphur is volatilized 
and an equiv aicnt amount of metaUic iron is set free, giving a compound that may be 
written FeFcS, which is of great importance in pynlic smelting 

From the above it is seen that chalcopyritc, CujSFejSi, will lose about one-quarter 
of its sulphur by heat alone, covellite, CuS, mil lose half of its sulphur bornite, 3Cur 
SFejSi, will lose one-sixth of its sulphur, and pyritc, FeS», half its sulphur For 
all practical purposes, matte mav be considered to be a mixture of CujS and FeS in 
varying proportions It is also an excellent coUector of gold, silver, and the other 
precious metals 

i\ii ore high in sulphur and iron, but low in copper, will, upon fusion, produce a 
matte containing m low a percentage of copper that ita subsequent treatment would, 
under ordinary circumstances, coxt too much, and as it is the object of the metallurgist 
to concentrate the copper in 1 is products up to the most economical point, steps must 
be taken to reduce the amount of Bulphur available for the formation of matte and 
lower the amount of the latter produced per ton of ore smelted 
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Such reductioa may be accomplished in two ways, by an oxidizing roasting, or by 
subjecting the ore to an oxidizing fusion. When the ore occurs as massive sulphides, 
the latter method is frequently used where conditions make it economical; when the 
ores are not massive, the oxidizing roast is the predominating method. 

Roasting is the heating to an elevated temperature, without fusion, or at least 
onlj’’ with incipient fusion, of ores or metallic compounds in contact with oxidizing 
materials, in order to produce a chemical change or to eliminate a component by 
volatilization. In copper metallurgy, the oxidizing material is the oxygen of the air, 
and the object is the partial elimination of the sulphur in the ore. 

When a metallic sulphide is heated to a sufficiently high temperature with access 
of air, sulphur dioxide is formed together with a metallic oxide. 

2MS + 30. = 2M0 + 2 SO 2 

Proper oxidation requires a temperature sufficiently high to produce the necessary 
affinity between the oxygen and the sulphur, but it must not be so high as to cause the 
surface of the ore particles to melt and form a protecting layer which retards the 
oxidizing action and may even cause it to cease. This temperature may be obtained 
by the combustion of extraneous fuel or by the heat of oxidation of the constituents 
of the charge. 

A second requirement for proper oxidation is a constant and abundant supply of 
air in immediate contact rvith the surface to be oxidized. The necessity for an abund- 
ant supply is due to the fact that the oxidizing power of the air is lowered out of all 
proportion when diluted by the products of oxidation. In other words, if the air 
for oxidation is diluted with its own volume of gaseous products, the oxidizing effect 
of the resulting mixture will be much less than half the oxidizing power of pure air. 
The more rapidly the gaseous products are removed and replaced by pure air, there- 
fore, the more rapid will be the roast. 

The speed and the thoroughness of the roast are also governed by the size of the 
particles in the roaster. It is obvious that the finer the ore is crushed, the greater 
will be the surface exposed to the oxidizing influences. However, as fine material 
always results in losses through handling, flue-dust losses, etc., it will be seen that there 
is an economical point where the increased speed of roasting will be offset by the 
losses in material, the recovery of which necessitates expensive installations. The 
usual charge to a roaster consists of a mixture of relatively coarse and fine particles, 
and the roast is carried to a point where the overroasting of the fine particles balances 
the underroasting of the coarse particles, so that the final mixture from the roaster 
gives the desired sulphur content. The various tjqses of apparatus used in roasting 
copper ores maj"^ be roughl}’ classified as follows: heaps, stalls, cylindrical furnaces 
with superimposed hearths, blast-roasting apparatus. These methods will be found 
described at length in Chap. X of the first volume, “Principles and Processes.” 

Types of Smelting Furnaces. — Flotation concentrates constitute the major 
portion of the modern smelter's intake. Such concentrates consist of finely divided 
particles and range from 20 per cent copper upward to 30 or even 35 per cent. As a 
consequence, the blast furnace has become relatively obsolete, being almost uni- 
versally supplanted by the reverberatory furnace. 

The blast furnace is used mainly for the treatment of coarse ores over 1 in. in 
diameter, though in many cases much finer ore than this is treated successfully; 
however, the development of the modern reverberatory has progressed to the point 
where it has often been found to be more economical to crush the coarser ore to 

in. and treat in the reverberatory rather than in the blast furnace. 

The early tj^ies of blastfurnace were constructed of brick, and the molten products 
were collected in a crucible located at the lowest point of the furnace. This type of 
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furnace had two great disadvantages m addition to its small capacity These were 
the destruction of the shaft at the smelting zone, and the impossibility of making a 
clean separation between the slag and the matte 

The first of these difficulties was overcome by the adoption of the nater jacket, 
which not only ehmmated the corrosion, but also permitted a higher temperature to 
be carried, resulting m a more fluid alag The second difficulty was solved by the 
use of the external settler, which not only gave an efficient separation between the 
slag and matte, but also allowed the speed of the furnace to be greatly mereased 
The modern blast furnace consists essentially of a long, narrow, water jacketed 
shaft The dimensions, particularly the length vary considerably, being proper 
tjoned to the capacity of the furnace The size offurnaces is expressed in terms of the 
dimensions at the tuyfere level Thewidth, being bmitcd by the ability of the blast to 
penetrate the charge, is generally 44 to 48 in , though some furnaces are as narrow 
as 30 in , and others as wide as 56 m As the width is practically fixed within 
narrow limits, the only manner in which capacity may be obtamed is by increasmg 
the length, and present-day furnaces have lengths of ISO m to as much as 1044 in , 
m the case of the huge Anaconda furnaces The capacity of blast furnaces depends 
greatly upon local conditions but may be said to vary from 4 5 to 9 0 tons per sq 
ft of hearth area per day The bottom plvte of the furnace is generally a heavy 
ribbed cast-iron plate, supported by jackscrews Upon this is laid a layer of fire- 
brick, though special circumstances may require the use of sihca or chrome bnck 
Resting on the bottom plate are heavy cast iron plates bolted together, forming the 
walls of the crucible These arc generally heavily nbbed to ensure the necessary 
strength and are lined with the same material as is used on the bottom In some 
instances, the walls of the crucible are formed by a set of water jackets, but the usual 
practice is to have the lower tier of water jackets rest directly upon the bottom 
plate, the lower ends bemg below the level of the matte and slag to prevent their 
burning through in case sediment collects in the water space 

When the blast furnace is started, the radiation from the bottom and through 
the water jackets forms a crust of chilled matenal which remains permanently This 
crust adjusts itself to the operations of the furnace If it wears down, the increased 
radiation soon restores it to the proper thickness, while if the furnace cools down the 
radiation is decreased, the bottom builds up, but when the furnace is once more at 
proper heat, the additional thickness is soon melted ofl 

The water jackets are generally in two tiers The lower jackets rest either on 
the crucible plates, or, as has been stated, directly on the bottom plate The upper 
tiers are suspended from I beams which carry the furnace superstructure The upper 
jackets rest on the top of the lower jackets The loner side jackets are given a slope 
toward each other to form a bosh, the upper and end jackets being vertical The 
amount of bosh depends on the amount of reducing action desired, as the greater 
the amount oT hosh, the greater will he the reducing action Tlie water jackets are 
constructed of flanged steel plate, the inner side being to m thick, the outer 
Bide being somewhat thinner, H to 5^1 « »n The water space between the sides of the 
jacket varies from 3 to 5 in The jackets are stiffened by means of angle iron run 
ning x-ertically in the w atcr space Each jacket has its individual feed and discharge 
pipes for the cooling water, and where water is plentiful each jacket may be on a 
separate circulation, but where water is scarce the outlet of the lower jackets maj be 
fed to the upper jackets 

The lower side jackets arc pierced for the toj ire openings, there bcmgusuallj three 
tuj ires to each jacket Tfie opening is usually 4 to 6 in , and a steel thimble hanng a 
slight taper is welded to the inner plate and riveted to the outer plate The tuyire 
pipes are generally of cost iron, and arc bolted securely against the jackets, any leak- 
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flge being prevented bj asbestos packing There is usually a cap on the outer end of 
each tujJrc pipe, which is readih removable to permit of punching the tuv^res when 
neceasarj 

The tuj he pipes arc connected bj short branches to the main bustle pipe w Inch 
carries the main air supply, the amount of blast to each tujfre bemg regulated b> 
means of a a alv e Tlie volume of air required by the furnace a anes w idelv , published 
figures being 190 to 400 cu ft per mm per sq ft of hearth area at a pressure of 
32 to 40 or It is probable that the aanation in these figures is due to their being 
derived bj taking the revolutions per mmute of the blow ers or the piston displace 
ment, neither of which is accurate owing to the great amount of leakage 

Tlie breast jacket is loented either in the side or the end of the furnace the location 
being largelj determmed bj the available floor space and the general arrangement of 
the plant It contains the openmg for the removal of the molten products of the 
(uniaec and is securelj attached to the adjommg jackets The slag spout convejing 
the slag and matte from the furnace to the settler is fastened to the breast jacket m 
such a manner as to permit of its readj removal when required with mmimum delay 
to the furnace operations The spout may be constructed of wTOiight iron steel, 
copper, or bronso and is w ater*eooled The blast is trapped by having the discharge 
end of the spout about 18 in above the openmg m the breast jacket, so that ns the 
molten material from the furnace rises in the spout there js sufTicicnt head to over- 
come the pressure of the blast The shape of the sisg spout depends upon the fancies 
of the designer of the furnace there being man} different designs in u<e all of which 
appear to be giving satisfaction 

Ibe jackets generally carr} the shaft of the furnace to the level of the charging 
floor, though m some mstances they arc surmounted by sev eral courses of firebrick 
Just below the charging floor there is gcnerall) a set of feed or apron plates for the 
purpose of distributing the charge uniformly in the furnace b> directing the fine 
material toward the center of the shaft while permitting the coarse material to fall 
along the sides In manj furnace*, however, these plates are omitted owing to local 
conditions making their use unnecc«sar> 

\bovc the level of the charging floor is the superstructure of the furnace with the 
arrangements for feeding the materials of the charge and the removal of the furnace 
gasea Tlierc are many modifications m the design of the superstructure In man) 
cases It IS of brick to a height of 12 to 14 ft surmounted b) a steel hood for the removal 
of the gases In other plants the entire superstructure is of steel and ociasionall) 
water jacketeti 

The general practice of charging is through openings m the sides of the super- 
structure, winch ma) or ma) not be kept closed by doors between charging \\ith 
the development of mechanical charging devices the g ises are in some instances drawn 
odbilow the point of charging particularly where the gases arc utilised in the manufae 
ture of acid t are should be taken tokeeptVie rharge openings closed Vielween charges 
on account of the great leakage of air that would otherwise occur, with its consequent 
detrimental cllect on the draft of the furnace 

Air- or water-cooled steel hoods have marked advantages over the brick hood on 
account of the ready remov al of accretions therefrom and there seems to be lc»s 
tendenej for thews accretions to form on th» t>pe of hood 

The furnace gases, on leaving the hood pass through a downcomer of br.ck or 
stei 1, then to some sort of ft settling rlutmber to remov c the coarse particles of diLst, 
ftiid thenee to the s*ack Tlie retmerj of the flue dust is ft matter of serious impor 
tsnee and the mi t hods used will I e discussed at a later point 

The SI ttler sers es not onlv as a means for separating the slag and matte l>> rca*on 
of the dilTirence in their specific graiitica, but aUo as a reservoir for the storage 
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of matte until such time as it ma 5 ' be required. A plant that treats its own matte, 
therefore, requires a larger settler than does one that casts its matte directly into 
molds for shipment to some other plant for treatment. The settler is circular or 
oval, depending on local conditions and the plant layout, and consists of an iron 
shell lined with refractory material. The diameter may be as great as 26 ft., though 
18 ft. is the usual dimension, the depth being 4 to 5 ft. The lining material varies 
greatly and depends on the grade of the matte, and character of the slag, the most 
rapid wear being occasioned by the very corrosive and fiery low-grade mattes usually 
accompanied by basic slags. A high-grade matte and an acid slag seldom cause 
much trouble through corrosion. The settler lining, where there is little corrosion, 
may be made of firebrick or silica brick; where corrosion is feared, the lining is gen- 
erally of magnesite or chrome brick, or a combination of the two. Frequently, 
chromite or chrome ore is rammed into place and faced with a row of bricks to hold 
it in place until the heat of the molten material sinters it together. The lining is 
frequently protected by spraying w'ater on the steel shell of the settler; this keeps 
the outside cool and causes a crust to form on the lining. 

The roof of the settler is formed by the chilling of the slag, amounting to a thick- 
ness of several inches except at the point where the molten stream enters and leaves. 
The working platform w'as formerly this chilled crust but is at the present time a 
steel platform directly over the settler. 

The slag overflows are constructed of cast iron coated with clay or other material, 
and are situated as far away from the entrance as possible, thus affording more time 
for settling. In many cases these overflow's are situated at the side of the settler, due 
to the arrangement of the plant. The slag quietly flows out of the settler, and through 
these overflow's into slag cars by which it is conveyed to the dump, or else it may be 
granulated by means of a strong stream of water, w'hich not only granulates it but 
also carries it through launders to the dump. 

The matte is w'ithdraw'n from the settler through tapholes situated close to the 
bottom. There are generally two of these holes, though many plants have but one. 
The hole in the w'all of the settler is 1 to 2 in. in w'idth and may be lined with chrome 
brick. Opposite this opening and attached to the shell of the settler is a copper or 
iron frame in which is securely w'edged the tapping plate, which may be either iron 
or copper. The tapping plate has a 1-in. hole in the center into which a clay plug is 
rammed. A steel tapping bar is rammed through the clay plug until it almost 
reaches the matte and remains in that position until the tap is made. This is accom- 
plished by W'ithdraw'ing the steel bar by sledging against wedges held in place on the 
bar by rings. The matte flows from the taphole into the matte larmder of cast iron, 
thickly coated with claj' to protect it from corrosion, and from there into the ladle, 
W’hich is usuallj' of steel lined w'ith cement and clay. During the tapping the w'orkers 
are protected from the heat and splashes of matte b 3 ' means of a slotted sheet-iron 
door W’hich is sw’img out of the w’ay when not required. 

The charging of the blast furnace is accomplished in a number of waj’s. Hand 
charging gives the best regulation of coarse and fines and also possiblj' effects a samng 
of coke. It is frequently used up to capacities of 300 to 350 tons per day and in 
some cases even higher. It, however, is expensive and too slow’ for the average modern 
blast furnace smelting 600 to 700 tons per daj" and has, therefore, been superseded by 
some form of mechanical charging, particularl 3 ’ as the larger furnaces are less sensitive 
to slight irregularities in the charges than the smaller furnaces. 

The general plan in use at the present lime is to charge the furnace from side dump 
cars, var 3 -ing gTcatl 3 ’ in their design, which arc brought to the furnac(^in a train b 3 ’ a 
locomotive, and travel on tracks on each side of the superstructure. The contents of 
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thp ear maj be dumped at one point, or tbe cat may be moved along the length of the 
furnace while being dumped m order to distribute the charge 

Another scheme pro^udea for the chaises being brought to the furnace m cars an 1 
dumped on the charging floor from which th^ are pushed into the furnace hj a 
mechanical pusher At Gianby, the furaares were charged by pushing the ehaigc 
cars into the furnace at the ends, from irhich they ran on tracks inside the furnace to 
the point of discharge Tins gave a straight fall of material and provided good 
distribution 

In some plants the coke used for fuel is raised with the charge and then sent to the 
furnace, but the usual practice is to charge it separately, and the utmost endea\or 
H made to keep the consumption of coke at a nunimum, although this is not always 
easy to do as the a%cnge furnaceman considers coke as a panacea for all ills 
Sizes of modern blaat furnaces arc shown m the following tahic 
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The modern furnaces arc vastly more cflleicnt and economical than those formerly 
in use On mg to the large amount of material in the furnace, they arc less susceptible 
to slight irregularities Tlicrc is a saving of fuel, possibly amounting to 10 per cent, 
and there results a higher furnace temperature gn mg hotter slag and enabling a more 
siliceous charge to be run There is a marked decrease of incrustations, which elimi- 
nates the necessity for much barring It has been found possible to change a leaking 
jacket without shutting the furnace down This is accomplished by blocking off the 
tuyitca m the leaking jacket as well as those in the adjacent jackets and allowing a 
crust to form that is sufllcicntiy strong to support the charge during the short period 
necessary to make the change 

There are three distinct processes in hlast-furnaco smelling (1) The reduction 
process, in which a considerable percentage of coke, 15 per cent, is used The blast 
oxidizes the carbon of the coke and but little of the sulphur in the ore Tins u the 
process most generally used (2) The pyTitic ptoress inwhiehraw mas-Mie sulphides 
arc smelted in a highly oxidizing atmosphere without the addition of carbonseeous 
fuel Tlie heat generated by the oxidation of the sulphur and iron is siifTicient to 
maintain a continuous operation (3) Hu partial- or semipjritic process in whieh 
suflicient heat is not generated by the oxidation of the sulphides and earlionaceous 
fuel IS addeil to the charge in just suflicient ijuantity to oi i rcomc the de fiacney 

The Reduction Process —This process is characterized by the use of carl»<>na- 
ccous fuel as the principal source of lint Tlic sulphur content of the charge is 
sufficienl to form the desired matte, and any oxidation « generally undc-iratle 
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The percentage of coke, which is the usual fuel used, varies from 12 to 15 per cent. 
An excessive amount of coke is liable to cause a reduction of iron from the slag, 
while with a shortage the furnace becomes chilled and suffers a loss of tonnage. 

The use of such an amount of coke means that the furnace ahvays contains a large 
mass of glowing coke for a considerable distance above the tuyeres, and consequently 
the oxygen in the blast is consumed almost immediately, resulting in a strong reducing 
atmosphere. Such being the case, it is readily seen that any sulphides present will 
melt down unchanged and form matte. An ore high in sulphur wnuld, therefore, 
yield a large amount of matte which is expensive to treat, and it is clear that little 
W'ould be gained by the reducing smelting of such an ore, and that a portion of the 
sulphur must be eliminated by a roasting process previous to the treatment in the 
blast furnace, or else the sulphides may be mixed with oxide copper ores to increase 
the grade of the matte. A certain oxidation of sulphur may be accomplished in the 
blast furnace by keeping the ore column low and increasing the blast, but such pro- 
cedure generally results in a very hot top and high temperatures of the waste gases 
and, in general, is not economical. 

Regarding the chemistry of the process, the blast entering through the tuyeres 
oxidizes the carbon of the coke to CO 2 , which is then partly reduced to CO by the 
glowing mass of coke in the furnace, the resulting gases being a mixture of CO, CO 2 , 
and the nitrogen of the air. As these gases rise in the furnace and reduce the oxidized 
materials, the percentage of CO 2 increases and will predominate in the waste gases. 
Any remaining CO is usually burned to C02 in the upper part of the furnace. 

As the charge descends in the furnace, its moisture is driven off almost immedi- 
ately, followed by the decomposition of such carbonates as may be present. At a 
lower point the oxides and silicates of copper will be reduced, and on coming into 
contact with metallic sulphides w'ill be converted into copper sulphides which, with 
any existing sulphides, melt and flow' dow'nw’ard to the crucible, collecting the silver 
and gold as they descend. Ferric oxide, Fe 203 , is reduced to ferrous oxide, FeO, 
which combines W'ith the silica to form slag as does any lime or other flux added to the 
cliarge. When the molten materials have collected in the crucible below' the tuyeres, 
the various sulphides adjust themselves to form the proper matte, and likew'ise the 
various slag components adjust themselves to form the proper slag. 

The Pyritic Process. — The feature of this type of smelting is that the heat neces- 
sarj' to conduct the operation is furnished by the oxidation of the constituents 
of the ore, little or no extraneous fuel being used for this purpose. Up to 2 to 
3 per cent of coke may be added to the charge purely as a preheating medium 
and possibly to secure a more open charge. It certainly never reaches the smelt- 
ing zone. 

The essential requirements for pyritic smelting are siliceous material which is 
high in free silica, and heavy pyrite ore. It is necessary for as much of the silica as 
possible to bo in the free state in order that it may combine with the ferrous oxide at 
the instant of its formation. Combined silica is unsuited to the pyritic process as it 
is already united w'ith one or more bases and consequently requires a largo amount of 
heat to break up the e.xisting combinations and form new ones with the ferrous o.xide, 
and gonorallj' in the pyritic process there is not any too large a margin of heat. 

The pyrite ore not only furnishes the heat for the operation, but also the sulphur 
required for the matte, and it must consist largely of iron pj-rites, as any oxidation of 
the copper sulphides would result in the slagging and consequent loss of the copper 
oxides. 

As the charge .sinks in the furnace, any moisture pre.«cnt is quickh' driven off, 
followed by the dissociation of the limestone added as flux. The free sulphur in the 
sulphides will be expelled as hea^'J■ fumes of elemental sulphur, and at a point just 
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above the smelting rone the pynte has been changed to FeFeS, which is the true 
pjTitic fuel of the process 

The blast entering the furnace through the tuyeres strikes the hot fused sulphides, 
oxidizing the Fe to FeO and the S to SO*. The FeO simultaneously unites mth the 
siLca to form a ferrous silicate slag, while the SO« rises through the charge and pre- 
heats it assisted by the oxidation of such coke as may be present 
C -b SO, = S -t- CO, 

The matte collects below the tuyeres, as does also the ferrous silicate slag after uniting 
w ith the lime to form the final slag The fused mixture then flows through the spout 
to the settler 

The grade of the matte produced and the acidity of the slag are controlled by the 
\olume of air blown into the furnace A reduction m the amount of air will cause 
less of the sulphide to become oxidized, and the grade of the matte will, therefore, 
be lowered At the same tune the dag will become more siliceous, as less iron is 
oxidized, and this condition will interfere with the process unless the amount of sili- 
ceous material m the charge is reduced On the other hand, anj' increase m the 
V olume of air will oxidize an additional amount of iron, raising the grade of the matte 
and increasmg the iron in the slag unless additional silica is pronded 

A peculiarity of the pjTitie process is the artificial bosh formed on the side and 
end walls of the furnace This contracts the smelting area to a long, narrow slit 
This bosh IS composed of fragments of quartz struck together by slag or by superficial 
softening, and seldom contains matte Its position in the furnace is not fixed, but 
vanes under different conditions 

^^’hdo in reducing smelting the tuyeres are bright, m pjTitic smelting they are dark 
and are bridged across It has been stated that a bar can be passed through the 
furnace from one tuyere to the opposite tuyirc and be cool when withdrawn This 
indicates that the zone of fusion is well above the tuyere bne and that the molten 
material passes through channels between the tuyeres 

Partial pyritic smelting is used when the available sulphide ores are not massive 
but consist of pyntic material disseminated throughout the ganguc, which is generally 
low ui free silica and w hich may contain some aluroma Such ores are not capable of 
furnishing by themselves sufficient heat for the continuance of the process, and it is, 
therefore, necessary to add carbonaceous fuel In some mstances it has been found 
advantageous to preheat the blast, as thereby a saving is accomplished in the amount 
of fuel u&cd 

In the partial pyntic process the slags are rather low in iron, as the presence of 
coke requires much of the oxygen of the blast for its combustion and there is less 
available for oxidizing the iron m the sulphides The excess silica will, therefore, 
have to bo taken care of by the use of lime lamxfce tbaf.tJbnzfinxa.v he any consider 
able pjTitic effect, a large anaount of blast is neceyiary, and this usually results in the 
furnace having a hot top 

Ihc smelting zone is nearer the tuyere level and is not so contracted as m pyrilic 
smelting, but is higher and more contracted than in reducing smelting The tuy fres 
are frequently dark and require a great deal of punching to keep them open 

The principal features of the blast furnace for the treatment of coarse ores are that 
Its construction is simple and the ereclion is comparatively inexpensive ^Tiere small 
installations arc required, they can be purchased complete and are easily transportable 
from one location to another The furnace is easily started and shut down, and the 
operation is relatively cheap The fuel consumption is low, and there is the possibility 
of utilizing the fuel value of the iron and sulphur in the charge, and the heat is efii- 
riently communicated to the individual parts of the charge 






tics, much fine material can also be treated that would otheru'ise be uneconomical 
to handle. 

The reverberatory furnace is used for the treatment of fine ores, and the fuel 
and ore arc kept separate, the former being burned in a separate compartment from 
which the flame and hot gases pass over the ore, being guided in their course by a 
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more or less horizontal roof The heatmE of the ore is accomplished by the radiation 
from the roof and side walls rather than by direct contact with the hot gases 

It 13 paTticnlarly suitable for fine matenals on account of the relatively quiet 
atmosphere, due to there being no blast, and there arc greater opportunities for the 
settlement of dust than in the blast furnace As the furnace atmosphere is neutral, 
or very nearly so, it has little or no influence on such reactions as occur m the furnace, 
and it, therefore, follow s that the reverberatory is purely a meltmg furnace 

The functions of the furnace are that it shall melt down ore and flux as rapidly as 
possible with a minimum of heat loss, it should permit the formation of matte and slag 
from, the mixture of oxides, sulphides, and sulphates in the charge, and the tempera- 
ture must be sufficiently high to render the matte and slag perfectly fluid in order 
that there may be complete settling with a mimmum of loss in the slag 

In order that the furnace may melt ss rapidly as possible, it is neccssarj that there 
be a good draft, in order that the great volume of gases that have been cooled down 
by their contact wth the roof, walls, and charge be replaced as speedily as possible bj 
fresh hot gases 

The heat losses are kept at a mmimura by the ehmination of side-door chargmg 
with its consequent admission of large volumes of cold air, the walls and roof are made 
as thick as economically possible to reduce the radiation losses 

The heat of the gases is utihted to the greatest possible extent by makmg the fur- 
nace as long as wiU permit the charge being kept in a fluid condition without an exces- 
sive consumption of fuel, and such heat as necessarily leaves the furnace ss sensible 
heat m the waste gases is, to a large extent, recovered by passing them through waste- 
heat boilers 

The hearth is of eilica sand 24 to 30 in in thickness The sand is given a prelimi- 
nary calcimng and is ^ben leveled and sintered into place by long, continuous firuig 
As the modern practice is not to drop the charge on the hearth, but on a bath of molten, 
material n hich is supported by the hearth, there la Uttle wear on the latter, resulting 
in a very long life Crushed quarts may be used instead of sand 

The levetbetfttOTiea of the new Morenci plant of the Phelps Dodge Corp are 110 
ft X 31 ft 3 m outside thgwsUs, which is somewhat smaller than furnaces buJt 
some years ago, some of wbr?5i were 130 It long These furnaces are designed to 
smelt 650 tons of charge per day Tbe walls are stepped or tapered from 1 ft mini 
mum at the top to 4 or 5 ft maximum thickness at the bottom Construction is 
silica brick, Imed witlfmagncsite except in the charging zone Silica brick is used for 
the arch, which is 20 in thick, 35 ft m radius, and is horizontal for its full length 
It is 9 ft high at the spring hue, measured from the top of the ailica bottom, which is 
at the same level as the reverberatory budding floor A 2-ft layer of crushed silica 
18 used for the bottom Below this is a layer of poured slag 8 ft thick near each end 
of the furnace and 4 ft thick m the intermedialaznxm Tha%-tt depth. W-piQvidfid in 
order to bury the lower tie rods for resisting endwise expansion of the furnace 

One large longitudinal tie rod runs the full length of each side of the furnace, and 
the buckstays are tied across with horizontal tie rods m the usual manner Heavy 
concrete walls take the bottom buekstay thrust and confine the silica and slag bottom 
Pilasters, 13 in square, at the buckstays space these members from the face of the wall 
A few years ago the amoimt of iron sulphide in the flotation concentrates practically 
forced the use of roasters, and the calcines were usually dehvered to the reverberatory 
as hot as possible The improvement in grade of concentrates due to differential 
flotation is such that m the new Mormici plant roasting has entirely been dispensed 
with and the concentrates are charged wrt through a senes of charge spouts at 4-11 
centers along the furnace roof TTiey contain about 9 per cent moisture Such 
coarse ore as is suited for direct smdtmg, uduch would formerly have been treated m 
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blast furnaces, is crushed to H in- and added to the reverbera;tory charge beds. The 
necessary lime flux is also crushed and added to the heds. 

The advantages of wet charging are the elimination of ^he roasting plant and' the 
facts that there is no dusting in the furnace and that there is a great decrease in the 
accumulation of magnetite on the hearth. So far it has been limited to plants 
operating in mild climates and would probably offer great diflnculties in cold climates. 

Depth of the bath is nominally 3 ft. Three matte tap plates, for alternative use, 
are placed on each side of the furnace near the firing end, with the single slag tap in 
the side wall near the uptake flue. The slag launder branches to two openings over 
different tracks. The highly superheated bath readily gives up heat to the fresh 
charge, and it receives further heat from the radiation from the roof and quickly melts. 

The resulting slag and matte now move toward the tapping end of the furnace 
and have ample time in which to separate cleanly. The slag may be tapped inter- 
mittentlj' or allowed to flow off continuously, the latter coming more into favor as it 
results in cleaner slags. The matte is tapped from the fore part of the furnace, as 
required bj' the demands of the converters, in a manner similar to tapping a blast- 
furnace settler. 

The fuel used in the modern large reverberatory furnace is gas, pulverized coal, or 
fuel oil, depending on the relative cheapness of the fuels. When pulverized coal 
is used, it is ground so that 80 to 90 per cent will pass a 200-mesh screen, and is blown 
into the furnace with about 15-oz. air pressure. The coal used may vary in ash 
content from 6 to 7 per cent up to as high as 15 to 20 per cent without giving trouble. 
The ratio of charge to fuel varies from 5 to The burners are inserted directly in 
the rear wall of the furnace and several burners are used, four to six being the usual 
number. The type of burner varies in each plant with apparently equally satisfactory 
results. 

When using fuel oil in the furnaces it is generally 17 to 19 Bd and is preheated to 
about 200 to 250°F. before burning, as this results in fuel economy. The amount of 
fuel oil used per ton of charge varies from 0.50 to 0.70 bbl. When as much heat as 
possible has been extracted from the gases, they are passed through waste-heat boilers 
for a further recovery. These are 600 to 750 b.hp., and they frequently are con- 
nected to a common cross flue extending from all the reverberatory furnaces, so that 
in case of a shutdown of a furnace the boiler capacity will not be lost, and if a boiler 
is down for cleaning or repair the other boilers are available for the utilization of the 
waste heat. It has been found to be advisable to have the flues from the furnaces to 
the boilers slope slightly toward the furnaces, as otherndse trouble may be experienced 
from the accumulation of slag. 

Natural gas is a higlUy efficient, clean fuel, but obviously its use is limited to 
localities adjacent to natural gas fields. Fuel oil and natural gas have an advantage 
over pulverized coal in that there is no ash which would increase the amount of slag. 

In the new Morenci plant, two groups of four multiple-jet low-pressure gas burners 
fire through two rectangular ports. The burners arc suspended from individual 
trolleys, permitting withdrawal from the firing position, and an oil burner accom- 
panies each one, for emergency or auxiliary use. A suspended arch forms the top of 
the firing wall. 

Following modern practice the SJi X 23 ft. uptake flue is made as short as possible 
and branches to two waste-heat boilers. The flue bottom slopes steeply back toward 
the furnace to drain the slag. The roof and the back wall are of suspended construc- 
tion, using magnesite brick. A solid brick damper can be dropped through a slot 
to cut off one boiler. 

At a new Canadian plant, using suspended-arch construction, the width of the 
furnace is 35 ft. in the smelting zone. All Canadian plants are using side feeding, the 
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un<nncltcd charge being kept an aj from the «lainming baj The American Smelting 
and Tlcfinuig Co fa%OTs a deep-bath gimfeed Xtater-cooledjacketa along the bath- 
hnc of deep-bath smelting furnaces appears to ba^e become standard practice 
Copper jackets with lH*m water coils have proved most satisfactoo ‘ Theusoof 
ab^l 3 per cent of bentonite has been found ver> helpful m making a silica slurry 
mixture that will adhere to bricknork Magnetite Band is now (1943) being tried for 
rci erberatorj bottoms, with the hope that ita higher specific grantj and lower 
coefficient of expansion, as compared with aibea wiUmakeit adecidedimptONemenl 
The rcicrberatory is more independent of tsrpe slags than is the blast furnace 
So far as reverberators slags maj be said to be ti-pical, current practice appears to 
tend to a slag containing 37 to 38 per cent SiOj, 39 to 40 per cent FeO, 4 to 6 per 
cent Al:0». 

In the reverberators furnace anj reducing action is performed bj the sulphur m 
the charge This reacts with the oxides and snlphates to produce metallic copper 
and sulphur dioxide The metallic copper is then sulphurized by the sulphides of 
iron present oxidizing the iron to FcO, nhich combines nith the sihca present to 
form the slag The reverberatory furnace n jU make a higher silica slag than a blast 
furnace owing to the higher available temperature An> iron oxide, FcjO* present 
in the charge is acted upon b} the sulphides and reduced to FeO, unitmg with the 
sihea 

The grade of matte produced by the reverberatory furnace depends upon the 
degree of roasting that the ore has received or the cleanness of the concentrate If 
a higher grade o! matte is de<ircd, the roost is earned to a higher degree and i! the 
matte is too high, the roast is not pushed to the same completeness In the roastiog, 
rare must be taken that no magnetic oxide of iron FciOi, is formed, as such maten^ 
forms a mush m the furnace and is difficuH to remove When it occurs, the remedy 
IS to add a large amount of green sulphide ore to the charge, which will reduce the 
magnetite to FcO 

Comparing blast-furnace and leverbcratorj-funsace smelting, the former requires 
coarse ore in order to g»\ e the best satisfaction little space is required, and the in- 
vestment IS Ion for an) given tonnage The fuel though small m amount, is reU- 
tnely expensive and considerable power and a large amount of coolmg water arc 
required Illast-furnacc slags can be made between very wide hmits, but the addi- 
tion of a large amount of fiux results in the production of a large amount of slag with a 
corre«ponding metal loss 

The reverberatory furnace » the most satisfactor} and advantageous apparatus 
m which to treat fine ores but it usuall> requires an extensive roasting plant and in 
Itself occupies a large amount of space and locks up a large amount of valuable metal 
Hence the investment is large for a given tonnage IVhile large amounts of low pneed 
fuel arc u«ed, a large proportion of the heat m the gases is recovere<l in waste heat 
boilers and this greatly reduces the power cost The amount of slag and conse- 
qiientlj , the metal loss are less than with the blast funoacc W itli the ever increasing 
amount of fine ores to be treated, the reverberatory furnace is fast displacing the 
blastfurnace, and it bos been found advantageous in certain localities to use reverbera 
tor} smelting for cosr*c ores that under ordinary conditions would go to the blast 
furnace 

Converting — ^^'hen copper and other v aluablc constituents of the ore hav c been 
concentrated into the matte and the « orthleas material disposed of as slag the next 
step in the process is the removal bj oxidation of the iron and sulphur of the matte 
This IS accomplished b} transferring the molten matte to a refractor} -lined vessel, 
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known as a converter, and forcing thin streams of air through the liquid mass. The 
reactions involve the rapid oxidation of the iron and sulphur and the fluxing by silica 
of the iron oxide thus produced. The sulphur dioxide formed by these reactions 
passes off in the waste gases. The heat of oxidation is such that the materials are 
kept in a molten condition, and the temperature is maintained well above that neces- 
sary for the formation of the slag, so that the process is independent of heat from 
external sources. The copper, together with any silver or gold, is reduced to the 
metalhc form and is cast into suitable shapes for transportation to the refinery for fur- 
ther treatment. 

The converter is a cylindrical iron or steel vessel lined with refractory material. 
A conical mouth is provided through which the matte is introduced, the slag and 
blister copper withdrawn, and the gases pass to the stack. The air for the oxidation 
is introduced through the side of the converter by means of tuyeres leading from a 
wind box attached to the outside and having a connection with the blast main. 

The early types of converters were blown from the bottom, similar to those used 
in the steel industry, but this method was not a success, due to the chilling effect of 
the blast on the copper, which, when produced, sank to the bottom of the converter 
and froze in the tuyeres, thus stopping the operation. This was remedied by raising 
the tuyeres so that there was space for the copper to settle underneath the blast. 

The refractory lining may be composed of either acid or basic material. The acid 
lining, though formerly universal, is practically entirely supplanted by the basic 
lining. The functions of the lining are to preserve the steel shell and form a recep- 
tacle for the molten materials, and to prevent radiation losses to the greatest possible 
extent. i 

In the acid lining the material used should contain the largest possible amount of 
free silica. The material generally used is low-grade siliceous ore, which, while it 
may not be so desirable metallurgically as quartz, is smelted for nothing, and the 
values recovered from an otherwise profitless material make the substitution eco- 
nomical. The ore is crushed and mixed with a binding material in a miU, and is 
pounded down hard in the bottom of the converter by tamping machines until it 
reaches to the proper distance below the tuyere level. At this point a steel or wooden 
form is placed in the converter, and the lining material is rammed around the form 
in layers about 6 in. in thickness. When the operation is completed, the form, which 
is sectional, is removed and the tuy&e holes are punched in the lining. The hood is 
then inverted and lined and placed upon the body of the converter and securely bolted 
in place, the joint being covered with clay. 

The freshly lined converter is now dried slowly by a wood fire, after which coke is 
added and kept burning by an air blast through the tuyfires for 5 or 6 hr., after which 
the converter is ready for operation. 

The basic lining is magnesite brick, the thickness varying from 9 in. at the top 
and sides to IS in. along the tuimre line and bottom. The brick may be laid in 
magnesite powder and linseed oU, or sodium silicate may be substituted for the linseed 
oil. In order to furnish room for proper expansion, liners consisting of thin strips of 
wood arc placed at intervals along the sides. After lining the shell, it is carefully 
warmed to prevent spalling and is then ready to be placed in the stand. 

The air for oxidizing the sulphur and iron is admitted through tuyeres usually 1 
to in. in diameter, placed about 8 to 12 in. above the bottom. The tuyeres are 
connected to a wind box ha^^ng openings opposite each tuySre to permit of punching 
when necessary. These openings are provided with ball valves to prevent leakage 
of air while the converter is operating. The air is supplied at a pressure of 10 to 
20 lb., depending upon the type of converter used and the depth of matte carried. 
The amount of air required wilt depend, of course, upon the grade of matte being 
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Fig. 36. — Side view, Peirce-Smith converter, Morenci, Ariz. 
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con-verted b-ut -snW average IGOOOO to 200000 cu ft of free air per ton of blister 
produced for a 40-per cent matte 

The grade of matte that is most economical to treat in the converter depends upon 
the cost of the preceding operations A Ion grade matte low in copper but high 
in iron has the advantage of enabling a high temperature to be obtained owing to 
the fuel value of the FeS On the other hand the amount of iron that must be 
slagged requires a corresponding amount of silica and produces a large amount of 
slag carr 3 nng considerable copper which is too valuable to waste and must therefore, 
be re-treated for the recovery of the copper contents The amount of copper per ton 
when using low grade matte is relatively small and the cost of treatment therefore 
high 

A bigb grade matte bigb in copper but low in iron bss the disadvantage of con 
taming less heat and there may be difficulty m maintaining the desired temperature 



Fio 4 — Peirce-Smith converter 


The amount of slag produced is decreased with a consequent lower re-treatment cost 
per ton of copper produced and the cost of converting is reduced due to the laiget 
amount of copper per ton of matte The ecooomical grade la reached other things 
being equal w I en the cost of fluxing the iron in the regular smelting operations is less 
than doing so in the converter 

The operation of acid convcrtuig is conducted by first heating the converter to 
the required temperature bj the use of wood and coke The proper amount of matte 
IS then introduced through the mouth the blast turned on and the converter turned 
up 80 that the mouth is -under tbehoorl conveying the gases to the stack The tuyfres 
are non boloo the surface of the matte and the oxidation commences There are two 
mam stages in the operation (1) the elimination of the iron or blowing to white metal, 
and (2) the elimination of the remaining sulphur, or blowing to blister 

During the fost stage the iron sulphide la oxidized to FeO the sulphur oxidizing 
to SOi and passing off in the w aste gases The FeO immediately attacks the siliceous 
lining to form the slag An\ copper that may be oxidized is immediately resulphur 
ized Viv reacting with tl c iron sulphide As the oxidation proceeds and the iron » 
slatated the matte remaining in the compter graduaUj approaches white metal 
(CujS) This change maj be followed by noting the character of the flame issuing 
from the mouth of the converter At the start of the operation it has a reddish color 
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changing to a green, and as the white-metal stage approaches, to a pale blue. If, 
however, an impure matte is being converted, the flame indications are unreliable, 
and dependence is placed on the appearance of the layer of matte on the punch rod 
which is inserted in the tuyeres to keep them open for the passage of the blast. When 
the white-metal stage has been reached, it is indicated by the working of the matte on 
the rod. 

When the iron has been slagged, the converter is turned down, the blast shut off, 
and the slag skimmed into a ladle. In order to determine when the slag has been 
skimmed clean, a rabble is held under the stream and any white metal coming over 
will be seen by its working on the iron of the rabble. When the slag has been skimmed, 
a fresh charge of matte may be introduced and the operation repeated. This is known 
as doubling, and is done for several reasons. If the temperature of the charge is too 
low, there may be danger of freezing during the finishing blow; the fresh addition of 
matte, therefore, gives fresh fuel with which to raise the temperature. If the matte 
is low grade, there may not be sufficient white metal present to cover the tuyeres and, 
therefore, more matte must be added. If the eonverter cavity has become enlarged, 
the same condition prevails, and sufficient matte is added until the amount of white 
metal remaining is sufficient. 

During the second stage the sulphur in the white metal is oxidized, the sulphur 
passing off in the gases as sulphur dioxide, the oxidized copper reacting with the 
remaining white metal to produce metallic copper and sulphur dioxide. The copper 
settles below the tuyfere level and collects any silver and gold that may have been in 
the matte. During this period the flame of the converter changes from a pale blue to 
reddish brown, and the metal on the pimch rod becomes more and more coppery. 
When the charge is finished, the converter is turned down, the blast shut off, and the 
metallic copper poured into a ladle for casting, or it may be cast direct from the con- 
verter. The former practice is to be preferred, as the latter causes too much dela}^ 
to the converter and keeps down the tonnage treated per day. 

The main objection to the acid process of converting is the rapid destruction of the 
lining by the union of the FeO with the silica, the latter being the sole source of silica 
supply. The life of an acid lining is limited to a relatively few charges, depending 
on the grade of matte converted, a low-grade matte being more destructive than one 
of higher grade, due to the larger amormt of iron slagged. The expense of constantly 
renewing the lining was heavy, and for years efforts were made to find a lining that 
would not be attacked by the iron. After many attempts and failures this was suc- 
cessfully accomplished by Peirce and Smith. 

Basic-lined Converters. — The operation of converting in the basic-lined con- 
verter is similar to the acid operation as far as the reactions go, but the silica for 
slagging must be supplied from some external source. As the charge of matte is in 
the converter, the necessary amount of siliceous ore is added, the blast turned on, 
and the converter turned up. The flux is generally thoroughly dried before being 
added to the matte to avoid e.xplosions, though in some plants the siliceous flux is 
blown into the converter and spreads out over the matte in thin layers and, conse- 
quently, does not have to be dried. 

The basic-lined converter cannot be operated at the temperature of the acid con- 
verter on account of the destruction of the magnesite lining at high temperatures. 
1 he lower temperature required necessitates a great deal of punching of the tuyeres. 

ith a low-grade matte there is a greater heat liberation than when a high-grade 
matte is being converted, and great care is necessary that the bath be not overheated. 
Too high a temperature retards the converting, attacks the lining, and tends to warp 
the converter shell. On the other hand, too low a temperature makes the tuyere 
puncliing very difficult, makes a stieky slag, and is liable to cause the formation of 
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magnetic oxide of iron which builds up on the bottom and sides of the converter. 
Owing to the nature of the process, the basic converter operates at a lower temperature 
than the acid process, mainly on account of the large quantities of cold ore added as 
flux. 

The critical stage of the operation is at the finish of the slagging period. If there 
is insufficient silica present to take care of the iron, magnetite will be formed, while 
an excess of silica causes a sticky slag. Magnetite is also caused by an insufficiency 
of silica during the blow to white metal, and this has been taken advantage of to give 
added protection to the lining. Wheeler and Krejci at Great Falls, Mont., patented 
a process of blowing a low-grade matte with either no silica or else a very small amount. 
This causes the iron to form magnetite, which covers the magnesite lining to almost 
any desired thickness and thus greatly prolongs the life. When this coating wears off 
in the course of the succeeding operations, it may be readily renewed during the next 
charge. 

The main advantages of the basic converter over the acid converter are the greatly 
decreased cost of lining; the use of much larger converters, which make for labor and 
power economies; a lower-grade matte can be treated than in the acid converter; 
the copper in the slag is lower; low-grade ores can be used for flux that could not other- 
wise bo treated profitably; there is less slop from the converters; and the copper is 
produced in a shorter time. 

The slag from the converting process, containing as it does several per cent of 
copper, is too rich to be thrown away and is returned to the blast furnace or reverbera- 
tory, or may be treated in a slag-cleaning furnace. At some plants, it is the custom 
to pour the molten slag into the blast-furnace settler. This is done on account of 
the blast-furnace charge being so high in iron that the added iron from the converter 
slag is undesirable. The economy of this operation, however, is a disputed question 
as many metallurgists claim that the copper is not recovered to any great extent, bur. 
simply mixes with the great mass of blast-furnace slag and is lost. 

Plant executives appear to rate the modern 13 X 30-ft. Peirce-Smith converter 
at 100 tons of copper per day for a 37 per cent matte, with an increase or decrease of 
.1 tons for each 1 per cent up or down in the matte tenor (wthin reasonable limits). 

The Smelting of Oxide Ores. — Where oxide ores occur, such as in' the Katanga 
district, these are smelted in blast furnaces with a large percentage of coke. The 
product is known as “black copper,” and its composition depends on the impurities in 
the ore. A clean ore will give a high-grade copper, while, if much iron or nickel is 
present, these wiU be reduced and udll lower the grade of the copper. Usually a small 
.imoiint of matte is produced, owing to the sulphur in the coke or small amounts of 
sulphides in the ore. Where there is little or no sulphur present, the copper losses in 
the slag arc apt to be high, while a small matte fall tends to clean the slags. 

The blister copper produced from any smelting process is generally cast into slabs 
approximating IS X 28 in. and 3 to 4 in. in thickness, weighing 300 to 350 lb. There 
is just sufficient draft to the slab to permit of its ready removal from the mold. At 
some plants, the practice still continues of casting the old lype of Chile bar, which is 
about 8 X 20 in. with a thickness of 6 to 8 in. This tj^ie of bar is very difficult to 
s.ample properly, on account of the segregation of the silver and gold, and it is also a 
difficult pig to handle easily. The Japanese frequently east small slabs weighing in 
the neighborhood of 50 lb. each, which are very expensive to handle and sample, when 
considered on the ton basis. 

Of late years, the question of moisture in blister copper has been given considerable 
attention. When a slab is cast, there are numerous cavities in the interior, due to 
the gases. These cavities are connected with the surface of the slab by capillary 
tubes, and if a slab is cooled by dumping it into a bosh, considerable water may be 
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drawn into the ca\nties It is not unusual to find eSabs containing as much as 0 2 per 
cent moisture, and this question is the cause of much controversy between the smeHer 
and the refiner as to what allowance should be made to cover this moisture (sec 
page 83, Vol I, "Principles and Proceses”) 

In all smelting processes, more or less fine dust is produced The roasting furnaces 
are the chief offenders m this respect, though they are closely followed by the blast 
furnaces The reverberatories, having a rdatively quiet atmosphere, do not produce 
much dust, while that produced by the converters is largely in the form of fume from 
the volatile metalloids The collection and re treatment of flue dust is a considerable 
item m the cost of operation, and every possible mentis is utilized to keep its formation 
dow n to the lowest pomt consistent with economical operation The recov erj of flue 
dust may be accomplished by one or more of the follow mg methods passmg the gases 
through large dust chambers, in which the velocity of the gases is so reduced that all 
but the finest particles of dust are settled out The gases may be filtered through 
w colon bags after being previously cooled to the proper temperature this is an expen- 
sive method and requires a heavy investment in flues and baghouse The gases may 
be passed through a Cottrell electrostatic precipitator in which the solid particles 
are thrown out of the gas stream by the action of a high-tension electrostatic field 
In the Roesmg system, the gases flow through dust chambers in which are suspended 
wires or baffles, and th'* dust particles impinging upon these adhere, and when suSi 
cient has accumulated the gases are diverted into anotlier chamber and the wires or 
plates are then shaken to dislodge the dust particles 

The treatment of recovered Sue dust consists m briquetting and smelting in the 
blast furnace, a method formerly widely used but now falling into disuse agglomer- 
ating in rotary kilns, or Dwight-Lioyd smtering machines, and smeltmg in the blast 
furnace, or in direct smeltmg m the reverberatory furnace — the most economical 
method 

Metal loss IS a very important item in the smelting cost, and one that is watched 
and studied very carefully so that it may be reduced to a minimum The three 
chief sources are dust losses in handling, metal contents of slags, and dust and fume 
losses through the stacks These losses arc a matter of more importance to the custom 
smelter than to the company owning Us own mines, as m the latter case the loss h 
merely that of the cost of the metal to the point of loss and tho potential profit, whereas 
in the custom smelter the miner has been paid for the contents of his ore and losses 
represent the loss of actual profits 

The Refi n ing of Blister Copper. — The blister copper produced m the smeltmg 
process contains so much impurity that it is unfit for commercial consumption without 
refining The followmg table shows the composition of various grades of blister 
copper produced at v arious smelters 



In earlier days the refining of blister copper was performed entirely in reverbera- 
tory furnaces, but this has been entirely supplanted bj the electrolytic process Of 
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the former process, it is sufficient to state that it was based on the fact that when 
copper sulphide and copper oxide were melted together the resulting reaction formed 
metallic copper, the sulphur passing off in the waste gases as sulphur dioxide. Silver 
and gold were recovered to a considerable extent by first having a small copper fall 
in the matte which served as a collector for these metals together with much of the 
impurities present. The enriched portion was worked up separately, while the purified 
white metal was carried along to pure metallic copper. 

The modern process of refining may be considered to be divided into the following 
steps; (1) A preliminary fire refining, to remove as much as possible of the impurities, 
followed by the casting of the copper into anodes. (2) The electrolytie process, con- 
sisting in dissolving the anode by means of the electric current and depositing the 
pure copper on the cathode. In this step the remaining impurities are removed, and 
any silver and gold contained in the anode are collected as a mud or slime to be recov- 
ered by a subsequent treatment. (3) A final furnace treatment of the cathodes, which 
are not in a form suitable for general commercial use, in order that they may be con- 
verted into the proper physical shape for the consumer. 

Furnace Refining. — ^As the methods of operation of the anode and cathode furnaces 
are almost identical, one description will suffice for both. The furnace treatment is 
based upon the relatively weak affinity between copper and oxygen, as compared with 
the affinity between oxygen and the impurities in the copper. The process, therefore, 
consists in an oxidizing fusion in order to volatilize some of the impurities and to 
oxidize the remainder, using copper in the form of oxide as a scorifying agent. This 
being done, the impurities wdll either pass off in the furnace gases or else float on the 
surface of the bath as a slag which may be skimmed off. 

As the remaining copper is now saturated with oxygen, the next step is to reduce 
the cuprous oxide to copper by means of some satisfactory reducing medium, after 
which the copper is cast into the necessary shapes. 

In the anode furnace the blister copper should be refined to the highest degree 
that is economically possible in order to have a uniform high-grade product to send 
to the electrol 3 'tic process. This is necessary, as the success of the latter is largely 
governed bj’’ having uniform operating conditions, and it is generallj’' much cheaper 
to eliminate impurities by a furnace treatment than by electrolytic methods. It is, 
however, not possible to remove the last traces of the impurities in the furnace. The 
great bulk is gotten rid of quite easily, but as the amount becomes reduced it becomes 
increasinglj^ more difficult without slagging off so much of the copper that the treat- 
ment of the resulting by-products becomes too expensive. Just w'here this point is 
depends upon local conditions and the relative cost of the two processes. Tlicre are 
also some of the impurities that tend to alloy rvith the copper and are removed with 
groat difRcultj\ 

The reverberatorj' furnaces in wdjich the refining is conducted are at the present 
time constructed with capacities of 500,000 to 600,000 lb. per charge. Owing to the 
w-eight of metal contained, they are necessarilj' of much stronger construction than 
the reverberatorj' furnaces used in the smelting of ore. The side walls are constructed 
of silica brick W'ith a thickness of 12 to 18 in., though there is an increasing tendencj' 
to use magnesite brick up to a point above the metal line, and then use silica or a good 
grade of clay brick from that point up to the roof. 

The roof is almost invariablj' made of silica brick 15 to 18 in. in thickness, though 
attempts have been made to use firebrick or chrome brick. The great advantage of 
silica brick is its abilitj’ to w'ithstand the temperatures obtained without softening 
and losing its shape. Firebrick softens at a low' temperature, particularlj' when under 
pressure, while chrome brick absorbs a great deal of metal, and it is difficult to treat 
the burned-out brick for the recoverj' of the copper contents. 
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The hearths of furnaces treating relatively pure materials are generally constructed 
of siliceous material, while magnesite brick is used where the copper contains con- 
siderable amounts of lead or antimony. The siliceous hearth is generally made of 
high-grade silica sand which has been crushed to the size of coarse sand. It may be 
used with an admixture of lime or copper oxide or may be put into place without any 
binder other than the natural impurities in the sand itself. The sand is mixed thor- 
oughly and placed in the furnace, where it is given a thorough calcining, after which 
it is spread over the bottom to the desired depth and tamped down. The furnace is 
then gradually brought to the highest possible heat that the brickwork wiU stand 
until the new bottom is thoroughly sintered into place. Then the furnace is gradually 
cooled down, and the bottom is then seasoned by covering it with a thin layer of scrap 
copper, melting this, and allowing it to soak into the bottom. The furnace is allowed 
to cool somewhat and the operation repeated until the copper that will be quickly 
absorbed has been taken up. After this, small charges are introduced and the furnace 
is gradually brought up to capacity in the next few days. It is found that a furnace 
will absorb copper for a considerable period of time before becoming saturated. The 
amount of copper locked up in a bottom will depend on the size and the shape of a 
furnace, but may be said to be in the neighborhood of 1000 lb. per ton of daily capacity. 
The concentration of silver and gold in a furnace bottom will depend on the grade of 
material treated, but will increase with continued use, the gold tending to concentrate 
to a greater extent than the silver. Very high silver charges will greatly increase the 
silver absorption, which will not be washed out by later charges of lower grade to any 
considerable extent. 

Owing to the danger of overheating the bottom and having a portion of it come up, 
the universal practice is to have a vault under the bottom to ensure the proper amount 
of cooling. This may be supplemented by having pipes laid in the bottom through 
which air or water is forced to ensure the necessary cooling. A bottom of magnesite 
brick will radiate more heat than a silica bottom, owing to the greater heat conductiv- 
ity, and in such construction it is necessary to have the magnesite brick underlaid with 
a heavy backing of clay brick. This type of bottom is generally laid in the form of an 
inverted arch held in place by skewbacks attached to the side plates of the furnace. 
The brick should be laid dry or in a mixture of powdered magnesite and linseed oil. 
After laying it, the furnace must be very carefully dried out by the use of salamanders 
placed at different points along the hearth until all moisture has been driven off. If 
this is not done, there is great danger of the formation of superheated steam, which 
destroys the te.xture of the brick, and the entire bottom is liable to be rapidly destroyed, 
•(liter drying out, the furnace is gradually brought up to a good red heat and the 
bottom seasoned as with a silica bottom. 

The fuel used may be bituminous coal, pulverized coal, fuel oil, or gas. The 
modern tendency is to use either fuel oil or powdered coal. Hand firing is expensive, 
and ash disposal is bothersome. Powdered coal has the disadvantages of requiring the 
installation of a pulverizing plant, and as much of the ash of the coal remains in the 
furnace, the amount of slag produced is increased. Fuel oil has the disadvantage of 
requiring the installation of storage tanks, pumps, and preheaters for the oil. Either 
powdered coal or fuel oil is more economical than hand firing with an equivalent B.t.u. 
price, and the furnace temperature is much easier to control. 

When hand firing with bituminous coal, the coal used will approximate 250 to 
350 lb. per ton of copper; pulverized coal will reduee this 20 per cent, and with fuel 
oil the consumption will bo about 22 to 26 gal. per ton, using oil of 18,000 B.t.u. per lb 
and 10 to IS^Bd. 

It is now the universal practice to equip all rowrbcratorics nith wasto-hcat boilers 
to recover the largo amount of heat in the waste gases. With coal, the recovery will 
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be 6 to S lb of steam per pound of coal and ivith oil 8 to 10 Ih of steam per pound of 
oi] In a large plant this Tiaste-beat Bteam amounts to one-tbird to one half of the 
steam used in the plant, so that the economy is obvious 
The dimensions of some refining furnac-'s arc 


Geveral Dimensions or Some Repining Furnaces* 


1 

Amencao Smelting 
& Refining Co j 

Rantan Copper 
Works 

U S 
Metals 
Refimng 
Co 

Length of hearth 

50ft 

3Sft 

7ft Om! 

43 ft 

40ft Sin 

IVidth of hearth 

14ft Tin 

15 ft 

17 ft 
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14!t 4m 

Depth of hearth 

22 in 

14-16 in 

35 n 

23 in 

30 m 

Hearth area square feet I 

C35 

490 

SCO 1 
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496 

Length o£ grate 

Oft 

Cil fired 

Cil fired ' 


8 ft 3 in 

Width of grate 

Sft 4n 




fft 4}iia 

Area of grate, squire f'^t 

75 




60 8 

Height of roof nbovo heirth 






at bridge 

0 ft 4 n 

Oft 10 in 

' 7 ft 9 n 

' 7 f G m 

7ft 2m 

Height of roof above hearth 






at flue 

3ft Gin 

3 ft 6 in 

5 ft 10 in 

4 ft 2»in 

4 ft 9 in 

Aica of flue, square feet 

12 47 

12 00 

1 11 50 

j 9 15 

1 12 75 

Tons output per 21 hou s 

200 

178 

250-275 

275-321 

226 


> Met Uurgy o{ Coi per Holnin lUyK&rd 


The various operations of the furnace may be classified as charging melting oxi- 
dizing, poling and castmg and wll be taken up in their order The large furnaces 
are charged by means of electrically operated charging machines which handle uo to 
6000 lb of copper at one time and which will charge a 200-ton furnace m less than 
2 hr In the smaller installations the old method of hand charging is still in use 
Ihis consists of placing the slabs of copper on a paddle and sbding them into the 
furnace This is a and expensive oietfiod and la rapidly being displaced Owing 

to the large amount of space occupied by the slabs the amount that can be charged at 
one time is usually less than the capacity of the furnace, and it becomes necessary 
to recharge a small amount after the originsl charge has been melted down 

At the plant of the Ontario Refining Co , molten blister copper is conve3ed IK 
rules from the smeltery to therefincry in aspecially designed car holding TOtonsofl ot 
metal This car is spotted alongside the furnace and the contents poured therein 
through a launder 

'When charging cathodes a larger amount can be charged during the first charging 
as thej stack better and do not occupy as much space relatively At the plant of the 
Is ichols Copper Co a unique method of charging is used which consists of sliding the 
cathodes into the futnacc by means of a By this ariangemcnl the Ivunaet is 

not permitted to cool down, and the fuel consumption is thereby decreased IVith 
the charging crane the doors of the furnace must be opened and by the time the fur 
nace is charged it has cooled down to a dull red or black heat 

Bben the charging of the furnace has been completed the doors are luted up 
and the fire urged to the utmost extent As copper is an excellent conductor of heat 
the metal rapidlj absorbs the heat and soon starts to melt on the edges During 
the meltmg the flame is kept strongly oxidizing m order to have a sharp cutting heat 
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and to form as much oxide as possible. When the surface of the bath is smooth, the 
firing is continued strongly until the metal on the bottom has melted, which is recog- 
nized by the charcoal or coke covering of the preceding charge rising to the surface. 
Between the time when the charge is flat and when the metal is afloat, the slags that 
f.'Drm are skimmed. The amount of slag formed depends on the nature of the material 
charged. Average blister copper will produce about 3 to 4 per cent of its weight of 
slag, cathodes about 1 to 2 per cent, and foul coppers may run as high as 30 per cent. 
With coal firing the ash of the coal is frequently blown over into the bath and forms 
slag, and with powdered coal there is a considerable increase, at times amounting to 
50 per cent. Fuel oil, on the other hand, has no tendency to increase the amount of 



Fig. 7. — Application of silica slurry, Clarkdale smeltery, Phelps Dodge Corp.* 


slag formed. As refinery slags are high in copper (30 to 50 per cent), it is seen that the 
rc-treatment charges are heavy, and a small increase in the amount of slag formed is 
immediately reflected in higher costs. 

When the metal in the bath has been skimmed clean, a sa}^ ladle, which is a small 
ladle with a long handle used for taking samples of the molten metal, is dipped into 
the furnace, and a test button taken to determine the condition of the metal If, 
vhile the button is solidifying, it breaks through the crust and “throws a worm,” 
this is indicative of sulphur, and a green pole is inserted in the bath to agitate the 
metal and drive out the sulphur held in solution by the copper. During this poling 
the atmosphere is kept strongly oxidizing. Buttons are taken frequently until the 
evidences of sulphur have disappeared. This operation is known as poling down. 
IMien the sulphur has been poled out, the copper in the bath is oxidized bx' inserting 
mr pipes through which compressed air is forced. This not onlj' itself o.xidizcs the 
copper to a considerable extent, but, by the violent agitation it causes, exposes a 
* r 7 nnd S nre from K. A. XYtiEstafT's ” Chinucs and Imp^o^ cinents in Modern Copper Smelting," 
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large surface of the molten metal to the oxidiamg influence of the hot gases To assist 
the cnudizing, a rabble maj be mtroduc«l through the skimming door and b> means 
of a chain suspension swung hack and forth the surface of the metal broken into 
thin sheets or sprajs It is found that the rabble is more effective as a means of 
oiidizing than the air jets but, owing to the great mass of copper to be oxidized and 
the hot and fatiguing vork of snmging the rabble, its use as the sole means of oxidizing 
IS impracticable 

During this period of blowing and Sapping, buttons are taken to show the progress 
of the oxidation As the amount of cuprous oxide in the bath mcreases, the surface 
of the button sinks and the fracture shons a color approachmg a brick red When 
the metal is saturated with oxide there wiU be a deep depression the fracture will 
show a bubble in the center, and the fracture will be coarsely cubical and a strong 
brick red color During this period, more or less slag will form and mil be skimmed 
off, so that the surface of the meta\ will be kept clean for the action of the hot oxygen 
m the gases The cuprous oxide fonned acts as a scorifymg agent and is the effective 
means of removing the impunties in the metal 

\1 hen the buttons show that the charge is saturated with oxygen or “set,” the air 
pipes and rabbles are remoxed and the surface of the bath is covered with coke or 
charcoal The doors are closed and tightly luted up so os to prevent the admission 
of excess air A pole is then inserted in the bath lo order to reduce the cuprous oxide 
to metallic copper 

Tlie poles used for this operation arc tisually hardwood, but softwood is readily 
usable, the chief objection being the heat developed at the poling door, with the attend 
ant discomfort to the men, and more wood is requued per ton of copper An aver 
ago amount of wood used for pohng may be considered to be 100 to ISO Ib per ton 
of copper If wood is used to make the charcoal covering for tbc bath, the amount 
is increased to 2S0 lb per ton As tbe pole bums away, it is pushed further into the 
furnace, and when it iMComes too short to hold by tbe chain block, it is pushed mto 
the furnace and becomes a brand, while a new pole is introduced 

During this time, test buttons ate taken and the surface and fracture observed 
The fracture gradually changes from coarsely cubical to finely granular, then fibrous, 
the color changing from a brick red to a salmon pmk \\Tien the pohng is finished, 
the surface of the button u slightly rounded, and the fracture is silky and of a rose 
color The copper is now said to be ‘ (ougb pilch” and is ready for casting 

During the progress of the refining the various impurities behave about as follows 
Iron and cobalt oxidize and slag off readdy, though if cobalt is present in any consider 
able quantity a considerable time may be required for its complete elimination 

Nickel is a very difficult clement to slag on account of its strong affmitj for copper 
\\ ith lugh nickel coppers the first few percentages of nickel readily pass into the slag, 
but as the amount decreases the slagging becomes slower and slower To elunmatc the 
last portions is extremely difficult Tbe bath must be skimmed clean, and by con 
tmurng the oxidation, the nickel oxide forms as a powder and may bo skimmed off 
If, how ever, there w any reducing action in the furnace, the nickel easily reduces and 
is absorbed by the copper 

Sulphur requires a great deal of poling and oxidizing to effect its rcraox al, and if 
present m bhster copper to any considerable extent will make the furnace work very 
hot If an excessive amount is present, there will result a great deal of trouble from 
the formation of matte on the surface of the bath 

Lead partly volatilizes and is partly slagged Vrilb considerable lead present it 
may become necessary to throw the charge coarse with a small addition of matte and 
reosidize ^\^Ien present m any oonsidcrablc quantity , lead w HI idgorously attack 
silica bottoms as soon as any oxide is present, and it may become necessary to use 
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magnesite brick bottoms when handling blister high in this element. Zinc is readily 
oxidized, and its elimination is simply a question of time of blowing. 

Arsenic and antimony partly volatilize, but are eliminated with considerable 
difficulty. In some cases it becomes necessary to treat the bath with a flux of lime 
and soda in order appreciably to reduce the amounts of these undesirable elements. 
In severe cases it is necessary to give the copper a second refining i 

When the metal is finally ready for casting, that from the fire refining of blister 
copper is cast into anodes for the electrolytic process. For the multiple system these 
are slabs 24 X 36 in. or 36 X 36 in. and about 2 to 3 in. in thickness. When used 



Fig 8. — Suspended arch in reverberatory furnace, Hudson Bay Mining & Smelting Co. 


for the scries system, the anode may be cast as a slab for rolling, or as a long thin anode 
for direct dissohdng. 

When the anode is to be used direct, lugs are cast so that it may be easily supported 
from the conductor bar or hanger bar. In some cases, loops of heavy copper wire are 
placed in the mold and the metal cast around them. A heavj' copper bar is passed 
through the loops and is used to make the contact. 

When small furnaces are in use, the copper is frequently cast by hand ladling, but 
"ith the increased size of the furnaces it becomes necessary to find some faster method. 
It is now the universal practice with large furnaces to draw ofi^ the metal from the side 
or end of the furnace through a tapping slot. This slot or taphole is filled with a 
mixture of clay sand and a small amount of coal, hard enough to withstand the 
pressure of the metal on the interior of the furnace, but soft enough to permit of cut- 
tmg a gutter for the flow of the metal. This plug is held in place during the working 
of the furnace by transx’erse iron bars, about 1 m. square, placed on top of one another 
'for rcacirchcs on lolati^o slaggabihty, see JfincraJ Ind , p. 248, 1001. 
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and held by guides fastened to the side plates of the furnace These bars are removed 
at the tune of casting, and the clay plug is cut airay from the top sufficiently to pemnl 
the copper to flow over the edge into a launder leading to the ladle As the level of 
the copper m the furnace falls, the clay plug is cut down more and more If at any 
time it IS desired to stop the flow of metal, a ball of clay is placed in the taphole and 
pressed down with a stick 

In the new Phelps Dodge plant at Morenci, the anode furnaces are of the tilting 
type, 13 X 25 ft , holding about 175 tons They are set at a height sufficient to 
permit complete emptying into the pouring spoon Complete rotation is possible, and 
gears, riding rings, cradles, and drne are mterchangeable with similar parts of the 
converters The Immg is 18 in of magnesite brick in the lower hall and 13 in mag- 
nesite in the upper half, backed up by insulating bnck to reduce heat lo«s The low- 
pressure gas burner is mounted on a hinge to permit swmgmg away from the port 
Only a short movable flue is provided, without a stack, to avoid undesirable draft 

There are several types of casting machines for the casting of anodes The Walker 
w heel has the molds on the circumference of a wheel approximately 21 ft in diameter 
The wheel is turned by hydraulic or electric power, and the molds arc brought under 
the furnace ladle where they are stopped while the mold is fillmg The w heel is then 
revolved until the next mold is under the ladle When the newly cast anode is about 
three molds away from the ladle, it is sprayed with water to cool the metal, and at 
the same tune the mold is cooled by a spray from underneath When the anode is 
nearly opposite the ladle, it is lifted from the mold by means of a push pm which passes 
through the mold and slides on an inclined track The anode is then lifted from the 
mold by a crane and placed m a bosh filled with runnmg water in order to cool to the 
room temperature 

The atraight-line casting machine consists of a senes of molds earned by an endless 
belt m front of the ladle tVhen a mold is filled, it passes tow ard a bosh, bemg sprayed 
on Us journey, and at the end of the belt where the molds pass underneath, the anode 
IS either dumped into the bosh or else bfted out of the mold by a crane and placed ui 
the bosh for cooling. 

In hand ladling, the ladle man stands in the center of a wheel somewhat sunilar 
in shape to the Walker wheel, and, as each mold passes, it is filled with copper and 
passes around to the rear, where it is cooled and removed either by a hoist or by a man 
using a long-handled lifter 

Anode molds are generally made of copper, though in some instances cast-iron 
molds are used The advantage of copper hes m the fact that when the mold has out- 
bved Its usefulness it can be charged mto the furnace and the copper recovered and 
sold at market value, while a cast-iron mold has only a low scrap value In order 
to prevent the copper from sticking to the molds, they are washed with pulverized 
silica, whic’n is app'lied at suc'li a point that the heat of the mold wifi dry it outhelore 
the ladle is again reached 

Tlie furnace refining of blister copper should be carried to the highest possible 
point in order to produce the best results in the electrolytic refining A well refined 
anode will dissolve readily and evenly and will give a good deposit, while an improp- 
erly refined anode will dissolve unevenly and give rough deposits and a heavy per- 
centage of scrap which has to be rc-treated It has been very clearly demonstrated 
that any extra expense incurred in the anode refining to ensure a high-grade product 
will result m a much greater saving in the balance of the refining process 

The electrolytic refining of copper is based on the selective action of the electric 
current m the following manner If two metal plates are suspended in an elcctroljlc. 
and a direct current is passed from one plate to the other, the metal of the plate where 
the current enters, known as the anode, wiU be dissolved, provided the composition 
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of the electrolyte is of the proper type. The plate at which the current leaves is 
known as the cathode, and what happens at this point depends on the nature of tbs 
dissolved metal and the composition of the electrolyte. The constituents of the 



cicctroljte are partly ionized, and the individual ions liave definite discharge poten- 
tials depending upon their positions in the e.m.f. series (see page 378). Those ions 
having the lowest discharge potential will be discharged as long as they exist in suffi- 
cient amounts to carry the current. If there is an insufficient amount, the ion next 
highest will bo discharged. In an aqueous electrolyte the hydrogen ion is prcscn 


Fig. 9. — Walker casting machine. 
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and will be discharged unless there 13 present some other ion standing below it in the 
series Copper is in this position and, therefore, will be discharged before hydrogen 
The electrolytic refining of copper is, therefore, based upon the fact that, if a copper 
anode is suspended in an electrolyte composed of copper sulphate and sulphuric acid, 
it will be dissolved and the copper pass into solution At the cathode, which la also 
copper, the copper in solution will be deposited while the hydrogen present will be 
unaSected 

The impurities associated with the copper m the anode do not deposit on the 
cathode because they stand higher in the e m f senes than cither copper or hydrogen 
and, therefore, while they dissolve in the electrolyte, remain in solution, or else the 
composition of the electrolyte is so adjusted that they remain on the anode as insoluble 
alloys or compounds 

The impurities that, as a rule, pass into solution and remain there are Fe, Ni, 
Co, 2n, As, and Sb Those that are insoluble and remain on the anode as a slime are 
Ag, Au, Pt, the rare metals, and Se, Te, and Pb 

Where an impurity exists in the anode os a chemical compound it w31 tend to pass 
into the slime, as chemical compounds have a much lower electrical conductivity than 
the copper, and these compounds largely segregate m the anode The purer metal 
immediately surrounding them is dissolved, allowing the compound to fall into the 
slime, where it may lie inert or else be slowly attacked by the electrolyte and pass 
into solution Those elements which alloy with copper may either dissolve or pass 
mto the slime, depending upon tbeir nature and properties 

Two systems of electrolytic copper refining are m use at the present tune, the 
multiple and the aeries, differing m the arrangement of the electrodes 

The Multiple System. — In the multiple system, the anodes and the cathodes ere 
connected in multiple and are suspended crosswise m a lead Imed tank Tho anodes 
are generally 2 X 3 ft oc 3 X 3 ft in area and 2 to 2^ jn thick, weighing 400 to 600 
lb The number of anodes vanes from 26 to 32 per tank, and they are given a sparing 
of about 4 in 

The multiple cathodes consist of pure copper starting sheets suspended between 
the anodes Tho preparation of the starting sheets is an expensive operation, tcquvr 
mg skilled labor In the manufacture of the starting sheets, anodes of the purest 
grade of copper are used, and the anode is wider than the regular anodes to ensure the 
edges of the starting sheet being perfect The startmg sheet is made by depositing 
copper on a rolled and stretched copper blank, which is coated with a mixture of 
graphite and oil, or else gasoline and oil, or other mixture that has been found to be 
satisfactory for the purpose This coating is for the purpose of allowing the sheet to 
bo readily stripped from the blank To prevent copper being deposited on the edges 
of the blank, these arc protected by covering them with grooved strips of wood, which 
are removed when the sheet is stripped from the blank, or else the edges of the blank 
are painted w ith a heavy asphalt pamt, and a shallow groove is cut in the blank at the 
point where it is desired to have the sheet break off 

The process of manufacture of the starting sheet consists in first giving the blank 
a coating of the oil pamt, the edges are then painted with asphalt or the w ooden strips 
put m place, and the blank is hung id the tank while the current is on, and allow ed to 
remain for the necessarj time, usually 24 hr The blanks are then drawn from the 
tank one at a tune The operator strips the thm sheet from the blank with a sharp- 
edged knife, one sheet from each side, repamts it, and it is returned to the tank 
Tbe thickness of the sheet is usually about in , and a 3 X 3-ft sheet will weigh 
about 10 Ib It 13 of the greatest importance that the curreut be flowing when the 
blank is placed m the tank, or else the oil will be washed off by the hot electrolyte and 
the new deposit will be burned fast to the blank when the current is turned on In 



THE METALLURGY OF COPPER 


259 


order to hang the starting sheets in the regular depositing tanks, two loops are fastened 
to each sheet. These loops are made of starting sheets which are cut into the prqper- 
size strips and are fastened to the sheet bj' punching and bending back the sharp 
corners of the punched portion. 

As the starting sheets must have good tensile strength, they are usually made at 
a current density lower than that used in the regular tanks, and the electrolyte used 
is kept very pure. The number of tanks required for this work will depend upon the 
number of cathodes to be drawn daily from the regular tanks, as a starting sheet must 
be produced for each cathode drawn. 

The tanks used for the multiple system are made of wood or reinforced concrete, 
the latter being preferred in recent installations. All tanks are lined with 6 per 
cent antimonial lead to protect the wood or concrete from attack by the electrolyte. 
The dimensions of a tank for 30 anodes with a surface of 3 X 3 ft. is approximately 
11 ft. long by ft. wide by 33^ ft. deep. Several arrangements of tanks are in 
use at the present time, the earlier arrangement being two tanks side by side and in 
rows depending upon the size of the tank room. As this arrangement required 
a large amount of copper to be tied up in bus bars, the Walker arrangement was 
developed, in which there are but two rows of tanks, but there are 15 to 20 tanks, 
having a common partition, in each row. As the electrodes of one tank are connected 
to the electrodes of the adjoining tank by the use of a light triangular bar to which the 
cathodes of one tank and the anodes of the next tank are connected, there is a great 
saving in copper. This arrangement is at present the most widely used. 

The tanks are built on masonry piers high enough to permit of proper inspection 
underneath for leaks, etc. At the top of the piers are glass blocks having a thin 
sheet of load placed on the top. The glass block serves as an insulator; the lead sheet 
protects the glass from any drip from a leaky tank. The tanks rest on longitudinal 
sills 8X8 in., which rest upon the top of the piers. There are many variations in 
the constructional details of the tanks, each refinery having its own ideas on the 
subject. 

The electrical connections depend on the tank arrangements. In the older 
sj’stem where two adjacent tanks are arranged in cascade of 8 to 10, the current is 
led to each pair of tanks by a heavy copper bus bar. The current leaving the cathode 
bar was conducted to the adjacent tank by means of a heavj' copper connection plate 
upon which the anode bar rested. The current then left this tank through a heavy 
bus bar which led it to the next pair of tanks in the cascade. In the Walker system 
the current is led to the first tank by a hear^^ bus bar. The common partition 
between the tanks supported a light triangle bar upon which the cathode bars of the 
preceding tank and the anode bars or lugs of the succeeding tank rest. At the end 
of the row of tanks the current was carried by a heavy bus bar to the nex-t row of 
tanks. There is thus a great saving in the amount of copper tied up in conductors 
when using the Walker system. 

In the multiple system, as the electrodes are in multiple, each anode must have its 
individual current supply. With a depositing surface of 540 sq. ft. and a current 
density of 20 amp. per sq. ft., the total current required will be 540 X 20, or 10,800 
amp. per tank. With 30 anodes per tank, each anode will require 360 amp. The 
use of such large currents requires conductors of large cross section to prevent over- 
heating and consequent loss of power, and this constitutes a large proportion of the 
initial investment in a multiple tankroom. The generation of currents of this mag- 
nitude also requires expensive generating equipment in the powerhouse. 

The operation of the multiple system is about as followsi The anodes, having 
been straightened, are placed in the tank by an overhead crane and are then evenly 
spaced by the tankmen. The starting sheets are straightened and a copper bar passed 
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through the loop Thej are then hung in the tanks and the loops securely clamped to 
the cathode bar bj tongs specially designed for this purpose This is done to ensure 
a unnKivum contact resistance between the loop and the rod The starting sheet is 
then accurately spaced betneen the anodes All anode and cathode contacts oith 
the bus bars or triangle bars are then given a coating of oil in order to prevent acid and 
salts from creeping in and spoiling the contact The tank is then filled with elec 
troljte and the current turned on At the end of 48 hr it is customary to withdraw 
the cathodes one by one and straighten them ns the initial deposit has a tendency to 
make them curl slightlj 

The time required for making a full weight cathode depends upon the current 
density used the quahtj of the anode and various factors peculiar to the plant in 
question but usually two cathodes are produced from each anode and the time 
required per cathode is 10 to 14 dajs During this time the tanks are gone over 
daily and inspected for short circuits and when these are found the cathode is lifted 
up and the nodule causing the short circuit broken off or else it may be removed 
bj the tankman s sw ecping a copper rod across the face of the cathode 

Ifhen the first crop of cathodes has run its full tune the tanks are cut out of 
circuit by short-circuiting the entire section of tanks to be drawn by the use of a 
heavy copper cutout The cathodes are removed by an o\ erhead crane and taken to 
a wash ho\, where they are thoroughly washed by a spray ol hot water to remove 
any adhering slime and electrolyte Thej are then piled on a car and sent to the wire 
bar furnace 

The anode mud that contains the silver and gold is then swept from the face of 
the anode bj means of brushes with long handles or else the anode may be withdrawn 
from the tank and taken to a wash box, where the shine is washed off by hot water 
and the anode returned to the tank A new set of starting sheets is placed m the tank 
the contacts gone ov er as before and the current turned on During this second run 
of cathodes the anodes are carefully watched to see when they become too thin for 
proper working Mbcn an anode gets scrappy due to its being thinner than it 
should he or else having di84oIred at a faster rale than its mates it is withdrawn from 
the tank and replaced bj a piece of heavy scrap n supply of which is kept on hand 
in the tankroom for such purposes 

At the end of the run the tank is cut out of circuit as before the cathodes remov ed 
washed and shippcil and the scrap anodes drawn from the tank by the crane and 
thoroughl) washed to remove all ndhcrmg slime Thej are then sent hack to the 
anode furnace for rcmelting Anj heavs wrap is gcnerallj kept in the tankroom for 
the purpose, described above of replacing anodes that have gone scrappy before 
tlicir time 

The cleetroljtc is pumped out of the tanks a plug m the bottom of each tank is 
itfftitAtd wiiA tV/e attruntiAiAvd Anne 13 Tiusbcd into a launder whic’n conieys Ato's 
slime tank, where it is screened to remove coarse pieces of metallic copper and is then 
pumped to the silver refinerj for the recover) of the precious metals contained 

The tank 13 thoroiighl) cleaned of all adheruig salts and slimes an> leaks that ma) 
have developied arc repaired b) the lead burners the triangle rods are cleaned of 
gaits and dirt, and the tank is then read) for another run 

The amount of scrap made m the multiple sjatem will depend on the character 
of the anode the current dcnsitv and the care taken in casting the anodes uniformly 
thick The usual practice will make alMut 15 to 20 per cent scrap a large part of 
which Ls accounted for b\ the lugs that arc undi-^lvrd The percentage of scrap 
made is kept as low as pos.«il)le on account of there-trevtment cost the tie-up in metsN 
and the delaj to putting m process contract material 
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The Series System. — In the series system the electrodes are connected in series 
and the same current serves each electrode. There are no starting sheets as the back 
of each anode serves as the cathode for the preceding anode. 

There are two modifications of the series system : In one a rolled anode is used, in 
the other a cast anode is used. The first is in operation at the plant of the Baltimore 
Copper Co., the second at the plant of the Nichols Copper Co. 

At the Baltimore plant the anode material must be of good quality to permit of 
rolling without cracking. The anode furnaces cast a slab, which, while red hot, passes 
through the rolls and is rolled down to a thickness of about 14 in. It is then cut into 
plates approximately 11 X 24 in., which are straightened and two plates placed in 
wooden frames, which are placed in the tank. The tanks are 11 ft. 6 in. in length, 
25 in. in width, and have a depth of 26 in.; 135 electrodes are placed in each tank. 

The current enters the tank through the first electrodes, passes through all the 
electrodes in series, and leaves through the last electrode, which is a copper plate. 
The electrodes act as both anodes and cathodes, the side receiving the current being 
the cathode, and the side from which the current leaves being the anode. As a result, 
the impure metal of the anode is dissolved from one side of the plate while pure 
copper is deposited on the other side of the plate to approximately the same thickness. 

The deposition is finished when the anode has been dissolved to the desired degree, 
which is usually a complete dissolving, so that there is little or no scrap, other than 
that from the rolling and the cutting of the plates and that left in the grooves of the 
strips. The cathodes are removed from the tank, washed, and sent to the wire-bar 
furnace. The slime remaining at the bottom of the tank is removed by hand and the 
tank is carefully cleaned out before the next run. 

At the Nichols plant the anodes are cast, and average 12 X 54 X % in. They are 
straightened, and the cathode side is painted with a mixture that will permit of readily 
stripping the cathode from the undissolved portion of the anode. The anodes are 
then hung on an iron bar, there being five anodes to a bar, and 121 bars are hung in a 
tank. The tank is then filled with electrolyte and the current turned on. A\Tien the 
deposition has proceeded to a point where the amount of anode remaining is about 
8 per cent, the deposition is considered finished; the electrodes are removed from the 
tank by a crane and carried to the stripping room, where the remaining anode scrap 
IS removed and sent back to the anode furnace for re-treatment, the cathodes being sent 
to the wire-bar furnace, and the slime flushed out and sent to the silver refinery. 

The current density used in the series system is the same as that used in the 
multiple system, but as the electrodes are in series the amount of current per tank is 
much less. Where a multiple tank having a depositing surface of 540 sq. ft. requires 
a current of 10,800 amp., a series tank having a depositing surface per plate of 4 sq. ft., 
as at Baltimore, or 23 sq. ft., as at Nichols, will require 80 or 460 amp., respectively. 
These small currents avoid the use of conductor bars of large cross section, and, as 
there are but few contacts per tank in the series sj’stem as against approximate^'' 120 
m the multiple sj’'stem, the contact losses are reduced to a minimum. 

The voltage across the electrodes in the series system at the solution level is approx- 
imately the same as that in the multiple, for equal spacing, so that, while the multiple 
system has a low voltage per tank, the series system, which in reality consists, electro- 
chemicallj", of a number of multiple tanks in series, has a voltage corresponding to the 
number of electrodes in series. Where the multiple system has a voltage at the 
solution level of, say, 0.2 volt, the series tank, with 135 electrodes, will have a voltage 
of 27.0 volts, and with 121 electrodes the voltage will be 24 volts, if the electrode spac- 
ing IS the same in all cases. The electrode spacing in the series system, however, is 
closer than in the multiple system, and the voltage is correspondingly reduced. 
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The over all voltage per electrode m the senes system is much less than in the 
multiple, therefore, both on acMnint of the closer spacing and the almost complete 
absence ol contact resistances The average voltage may be taken as about 20 volts 
per tank at a current density of 20 amp per sq ft 

This high voltage makes it necessary to use tanks having an insulating Iming and 
the lead lined tanks used in the multiple sj^tem are not practicable The usual con 
stniction 13 either of wood lined with some asphalt compound, slate, or else concrete 
lined with asphalt, the last bemg preferable, due to a longer life and cheaper 
maintenance 

The multiple and series systems may be toughlj compared as follows The mu! 
tiple system casts heavy, th ck anodes, the series requires rolled or light thin ea«t 
anodes The multiple ss^tem requires the preparation of a special starting sheet 
which 13 an expensive operation requiring skilled labor The senes system uses no 
startmg sheet, but it 13 necessary to strip off the backs, an operation performed by 
common labor The multiple syatero requites heavy currents per tank, necessitating 
heavy conductor bars with a consequent large tie-up of copper The senes sjstem 
uses low currents and avoids the use of heavy conductors 

The copper produced pec kilowatt-day m the multiple system at a density of 18 
amp will average about 165 to !80 lb In the senes system the production per kilo- 
watt-day will average about 340 to 380 lb The power reqmrements m the senes 
E 3 ^tem are thus about half those in the multiple 8>stem The elEciency m the 
multiple system will average about 00 per cent, m the series system about 70 per cent, 
due to the current leaking past the plates The scrap produced m the senes system is 
less than that produced in the multiple system with a consequent less cost for re treat 
ment The greater output per tank id the series system requires less tanks for any 
given output The tanks used in the series system must be lined with msulatmg 
material In the multiple system, lead linuigs arc used Themetallossesinbothsys- 
terns are about equal, while the copper, silver, and gold locked up in process are less 
in the senes than in the multiple 

Outside of the shape and arrangements of the electrodes and the tanks the other 
features of electrolytic refining are common to both processes The electrolyte has 
a composition of approximately 35 g per I copper, 140 to 200 g per 1 sulphunc 
acid, together with small amounts of such impunties as iron, nickel, arsenic and 
antimony as may accumulate from the dissolution of the anode The electrolyte has 
a marked negative temperature coe/ficient and therefore, is heated by steam to 
increase its temperature and reduce the electrical resistance The degree of heating 
used depends upon the relative cost of power and steam as well as the electrolyte 
composition, to a certain extent The usual temperature is about 130°F As the 
power used in overcoming the resistance of the electrolyte appears therein as heat, 
there is considerable heatmg from this source The amount of steam used m the 
multiple system per tank will be greater for the same temperature than m the senes 
system, owing to the different amounts of power developed in the tanks A multiple 
tank will develop approximately 3 kw , while a senes tank will develop about 
10 kw 

Owing the tendency of the electrolyte to segr^ate under the action of the current 
it becomes necessary to circulate it through the tanks The segregation is more 
marked m the case of high current densities than m low densities It is caused by 
the fact that at the face of the anode where copper is passing into solution the 
electrolyte consists largely of copper sulphate of high specific gravity and there is a 
tendency to stream downward At the face of the cathode where copper is removed 
from the electrolyte, the latter becomes largely sulphuric acid of lighter specific 
gravity and the tendency is to stream upward If, therefore, there were no circu 
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lation at all, the electrolyte would soon form two distinct layers, that on top being 
high in acid and low in copper, while the bottom la 3 'er would be high in copper and low 
in acid. As a result, the deposition would be largelj-- confined to the lower part of 
the cathode, while there would be a copious evolution of hj'drogen at the top of the 
cathode accompanied bj- spongj^ copper. The efficiencj' would, therefore, be greatly 
decreased, and the power per ton of copper increased. With an adequate circulation 
this tendenej' is counteracted to a large extent and the deposit kept regular. The 
higher the cm-rent densit 3 q the greater will be the amount of circulation required to 
prevent stratification. On the other hand, an increased circulation tends to keep the 
slime in the tank stirred up, resulting in increased metal losses. The choice, therefore, 
lies between greater efficienc 3 ^ of deposition and increased metal losses. The 
normal rate of circulation will be about 3 to 4 gal. per min. for current densities of 
15 to 20 amp. 

At some plants the electrohde is admitted at the top of the tank and withdrawn 
from the bottom, while at others the flow enters at the bottom and is withdrawn at 
the top. The latter requires less solution, and there is less danger of a tank being 
flooded. Tliis is because the solution on cooling becomes denser, and, therefore, a 
greater head of the hot entering solution is required to force the cooler solution 
from the bottom of the tank; and in case the current has been off for some time, so that 
the solution has become quite cool, the head required to raise the cold column of 
solution in the outlet pipe may be such that it is more than the tank will hold. On 
the other hand, the objection to the top overflow is that this t 3 'pe of circulation 
opposes the natural settling of the slime. As, however, the rate of flow per square 
foot of cathode surface is e.xceedingl 3 ' small, this objection appears to be more theo- 
retical than actual. 

The older plants had their tanks arranged so that the electrol 3 d;e flowed through as 
man 3 ' as six tanks in cascade. This practice reduced the amount of electrol 3 'te 
requued, but the great cooling that occurred .so increased the resistance that the loss 
m power more than offset the reduction in the tie-up of metal in solution. The 
modem practice is, therefore, to reduce the number of tanks in cascade to one or two, 
thus preventing severe temperature inequalities and giving better efficienc 3 ' and power 

consumption. 

Circuit Resistance. — ^The current used in the electrol 3 Tic refining is, of course, 
direct current, and the amount carried by’’ the bus bars wiU vary from 10,000 to 
12,000 amp. for the multiple sy’stem to 500 in the series system. As the output 
depends upon the current, while the power depends upon the resistance, and the 
problem in electrolytic refining is to obtain the greatest output per imit of power, 
the question of resistances must be given very careful attention. The following 
resistances are encountered in the various systems: 

MitUtph . — Bus bars, bus-bar joints, anode contacts, anode, electrolyte, cathode, 
cathode loops, cathode-loop contacts, cathode rods, cathode-rod contacts, and other 
small resistances, such as resistance of the slime layer on the anode, transfer resistance, 
counter e.m.f., etc. The magnitude of these resistances is approximately’ as follows: 
contacts, 15 per cent; electroly’te, 60 per cent; conductors, 15 per cent; counter e.m.f., 
0 per cent; slimes, etc., 5 per cent. In the series system there are the following resist- 
ances: bus bars, anode rod, anode hangers, anode, electrolyte, cathode, cathode 
bangers, cathode rod, and also the other small resistances mentioned in connection 
"ith the multiple system. The magnitude of the above is approximately as follows: 
contacts, 2)4 per cent; electrolyse, 85 per cent; conductors, 2)4 per cent; emmter 
c.m.t., 5 per cent; slimes, 5 per cent. As the cost of power is one of the chief items 
m the refining of copper, constant thought is given to means whereby these resistances 
biay be reduced and power saved. 
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Some of the ways m which sai mgs maj be made are as follows 

Ctmiudon — As the resistance of any conductor vanes as its cross section, it is 
evident that any increase will result in decreased resistance An increase in cross 
section, however, will mcrease the weight and, therefore, the cost of the conductor 
Thompson's rule that the most eeonoimcal cross section is that forwhichthemleiest 
on the mvestment equals the cost of power lost is apphcable m this case, particularly 
for bus bars For the other conductors m the tank, conditions prevent its application 
Thus the anode lugs must be of sufficient strength to support the weight of the anode, 
and hence are usually of far greater cross section than required for the current As 
the cathode loops are made of thin copper strips, these are generally of insufficient 
cross section and hence carry a current density greatly m excess of that which is 
most economical 

Confaels — ^The reduction of this resistance calls for two things (1) ample area 
of the contact surfaces, (2) the elimination of as many contacts as possible This 
resistance is one of the largest in the tankroom, outside of that of the electrolyte, 
and much ingenuity has been shown m reducing it Formerly, anodes were sus- 
pended by two hooks, givmg five contacts, two at each hook, and one at the contact 
of the anode bar with the bus bar The modem anode has but one contact, due to 
cast lugs bemg used which make the contact with the bus bar Cathodes were for 
merly suspended by hooks which have been replaced with firmly attached loops, 
the attachment being below the surface of the solution, where they soon become cot* 
ered with the deposit and become an integral part of the cathode An attempt has 
been made to eliminate the contact between the cathode rod and the triangle rod by 
having the cathode rod rest directly upon the anode lug m the adjacent tank 

One of the best methods of keeping contact losses at a mmimum is to keep them 
clean As there is generally considerable heat generated at any contact, any solution 
that may be splashed thereon will soon be converted into anhydrous sulphates, 
which prevent an efiective contact The most effective w ay so far developed for the 
prevention, of this formation is to apply a thm coating of oil to the contact surfaces 
This wiU keep them clean for a long tune and costs little to apply 

AVhile the numerical value of each contact loss appears to be bo small as to be 
almost msigmficant, it must be remembered that there are a great many of Ihwo 
contacts throughout the tankroom and their cumulative effect is sufficiently large to 
amount to a considerable waste of power 

Blectrolyte —The resistance of the electrolyte is affected by its temperature 
and composition The temperature coefficient is negative, so that an increase 
in temperature decreases the resistance The higher it is possible to carry the tem- 
perature, the lower will be the resistance There is, however, a practical limitation 
to the degree of heating on account of the cost of the steam exceeding the savuig in 
power beyond a certain point, depending upon local conditions Too high a tempera- 
ture may also affect the character of the deposit, and the higher the temperature, het 
greater the amount of evaporation and the higher the humidity m the tankroom with 
its attendant discomforts 

The composition of the electrolyte has a great effect on its resistance As the 
conductivity is dependent on the presence of hydrogen ions, an increase m the content 
of acid will mcrease the number of hydrogen ions present and decrease the electrolyte 
resistance The presence of sulphates mereases the resistance These sulphates 
are not only the copper sulphate eomposmg the original solution, hut also the accumu- 
lated sulphates from the impurities m the anode, such as iron, nickel, and zinc To 
secure an electroljTe of minunum resistance, it is necessary to keep the free acid a? 
high as possible and the sulphates as low as possible The practicable limits to high 
acid and low sulphates are that there must be a sufficient amount of copper in the 
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vicinity of the cathode so that only copper ions will be discharged. This limitation, 
therefore, requires the eopper to be kept not lower than 30 g. per 1. in average work. 
If the acid is too high the saturation point of the sulphates present becomes very close 
to the operating temperature of the solution, and any cooling that may occur is likely 
to cause a salting out of these sulphates on the cathode, giving a very rough and 
contaminated deposit. The lower the contained sulphates in the solution, the higher 
can the acid be maintained. 

Counter E.m.f. — ^The cause of the counter e.m.f. is largely due to the formation 
of concentration cells at the electrodes due to differences in the composition of the 
electrolyte. This may be overcome to a certain extent by increasing the rate of 
circulation of the electrolyte, but there is a very practical limit to this on account of 
the danger of stirring up the anode sUme and contaminating the cathode, thereby 
increasing the precious metal losses and producing impure copper. 

The formation of concentration cells at the surface of the cathode also causes the 
copper content of the electrolyte to increase, owing to the fact that, if at the top of the 
cathode there is a solution containing higher acid and lower copper than contained by 
the solution at the bottom of the cathode, a concentrate cell will be set up and copper 
will tend to pass into solution at the top of the cathode and be deposited at the bottom 
of the cathode. But as the efficiency of deposition is less than that of dissolution the 
copper in the solution will increase, and this amount of increase will be greater the 
greater the difference in solution composition. 

Slimes. — ^The resistance of the slime adhering to the surface of the anode will 
depend largely on the purity of the anode. A high-grade anode produces slime 
that has low electrical resistance, while an impure anode gives a slime that may have 
a very high resistance, and should the nature of the slime be such that it covers the 
anode with a very heavy, dense layer, the anode may be made almost insoluble with 
a correspondingly great increase in the voltage necessary for the operation of the tank. 

Current Density. — The current density to be used in electrolytic refining depends 
upon a number of factors. It is of great importance, as the design of the tankroom 
depends upon it. The two main factors affecting the selection of current density are 
the cost of power and the average composition of the anode. As the power cost varies 
direotl}’^ as the square of the current density, a point is soon reached where the power 
cost becomes prohibitive. When the anode contains a large amount of silver and gold, 
a high current density will tend to give high metal losses in the cathode, due to the 
necessity of maintaining a high rate of solution circulation. 

A high ciu-rent density generally increases the labor cost because the weight of 
the cathode is more or less fixed by the physical labor of handling, and a high current 
density means pulling cathodes of younger age. This more frequent pulling also 
requires the use of a larger number of starting sheets, the preparation of which is an 
expensive item. The question of interest on metals locked up in process plays a very 
important part in the determination of current density. If the anodes are high in 
silver and gold, the saxdng due to getting these metals on the market earlier wiU often 
pay for an otherwise uneconomical current density. 

Increased current density requires the use of fewer tanks and less building space 
for a given output. This means a lower initial investment and, where construction 
costs are high, may have great influence on the question. 

The average current density in use at the present time will varj' from 15 to 20 
amp. per sq. ft. of cathode surface. In many cases this density is too high for present 
power costs, but as the plants were designed at a time when power was cheaper than 
at the present, it w'as correct at that time, and the onl.y way in which the density can 
ne reduced without building additional tanks is to curtail the output, and the loss sus- 
tained in so doing may be much greater than the loss due to increased power costs. 



266 NONFERROUS METALLVRGY^ ' 

Current Effidency — ^Thc term “current efficiency" is an expression of tte ratio 
of the amount of product actually obtained to that theoretically obtamable m accord 
ance TOtb Faraday’s laTV It is always less than unity on account of various factors, 
such as current leakage, short circuits in the tanks, and the deposition of hydrogen 
at the cathode As the output of the tanks is directly proportional to the current 
efficiency obtained, other things being equal, a great deal of careful study is given to 
the maintenance of as high a current efficiency as is economically possible 

Current leakage m a well designed plant should be small It will vary with the 
voltage on each circuit and the care taken to keep the tank surfaces in a good, clean 
condition The higher the voltage on any arcint, the greater will probably be the 
leakage The amount of leakage may approximately be determined by opening the 
circuit in the middle and takmg the ammeter reodmg when the voltage is normal As 
this method applies the full voltage to but half the tanks, however, the mdicated leak- 
age IS apt to be somewhat higher than the actual amount Another method is to 
compare ammeter readmgs at several pomts m the circuit, care bemg taken to guard 
against the stray fields that exist ui the neighborhood of conductors carrymg heavy 
currents Leakage through the woodwork of the tanks should be negligible, provided 
they arc kept in proper condition, and it may be assumed that the largest part of ths 
leakage is through the circulating system, by the current being shunted around the 
middle tanks in the cucuit, as the circulating system is in parallel with the depositing 
system To prevent this leakage as much as possible the resistance should be made 
as high as possible by having the overflow pipes of considerable length and small 
cross section Where the leak occurs to the ground, there is usually evidence on 
account of the copper deposited at the point where the current leaves the electrolyte 

The greatest part of the loss m current efficiency is due to short circuits in the 
tanks These are caused by the following conditions the new starting sheet may 
curl after a few hours in the tank, and unless this is discovered and rectified a bad 
short circuit may result To prevent this occurrence the starting sheets are gener- 
ally removed from the tank, straightened, and replaced after a certam number of 
hours working If the electrodes in the tanks are not properly aligned, there will 
result more or less short circuits owing to the unequal current distribution in the tank 
The tank men when working on top of a tank may kick an electrode out of place and 
neglect to replace it properly As the anode dissolves away, pieces of the scrap may 
fall oS and rest against the cathode 

Except at a low current density it is not possible to produce a perfectly smooth 
deposit with a cathode of any considerable age, and under normal workmg conditions 
the cathodes soon become more or less rough When this occurs the resistance 
between the anode and the projecting part of the cathode becomes less and there is 
consequently a greater tendency for the current to flow across this part, increasing 
the current density at such a pomt and aggravating the condition If not corrected 
m time, the roughness will develop into trees which bridge across the space between 
the anode and cathode, resultmg m a dead short circuit which may stop all depositing 
m that particular tank To prevent such a condition the tank men continually patrol 
the taiflcs with voltmeters and long copper rods When the voltmeter mdicates the 
presence of a short circuit, the rod is sw^t across the space between the anode and the 
cathode and the projection broken oS 

Deposition of hydrogen at the cathode is due to an insufficient amount of copper 
ions to cany the current This condition may be caused by too low a circulation rate 
or by the circulation bemg unevenly distnbuted between the electrodes It may also 
be caused by the copper content of the electrolyte bemg too low or the acid content 
being too high The usual cause la probably an inefficient distribution of the cir 
dilation throughout the tank The current efficiency may be reduced as much as 5 
to 10 per cent, due to this cause 
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Electrolyte Ptirification. — ^As the impurities in the anode accumulate in the 
electrolyte, the resistance of the latter increases, resulting in a greater power con- 
sumption, and there is also danger of the cathode being contaminated. This con- 
tamination is in addition to the contamination from adhering slime and is due to the 
fact that the deposited metal on the cathode is always more or less porous. This 
porosity permits a certain amount of the electrolyte to become entrained, and con- 
tamination from this source will not be removed by the usual washing received by the 
cathode prior to its charging into the wire-bar furnace. The higher the current 
density, the greater the tendency for porous cathodes. The addition of a small 
amount of glue to the electrolyte results in giving a denser deposit, but usually 
increases the resistance of the solution. The remedy for such contamination is to 
keep the electrolyte as pirre as possible by constant withdrawals and replacement with 
fresh solution. The purification of tankroom solutions is a source of considerable 
e.xpense unless the impurities have a marketable value. 

The various methods of purifying the electrolyte are by the manufacture of blue- 
stone and by the use of insoluble anode tanks with or without the recovery of the 
sulphuric acid. 

In the manufacture of bluestone, the hot electrolyte is passed through towers 
containing shot copper until the free acid is brought down to about 1 per cent. Tlie 
solution is then concentrated with steam coils in lead-hned tanks and sent to the 
crystallizing tanks where the copper sulphate is allowed to crystallize on lead strips. 
These crystals may be sold or else redissolved and sent back to the tankroom. The 
mother liquor from this crystallization contains the impurities, and if the impurity 
is of value, such as nickel sulphate, it may be further evaporated and the nickel sul- 
phate crystallized out, after any traces of copper have first been removed. Otherwise 
the foul solution is wasted after precipitating out the remaining copper on scrap iron. 

UTien using insoluble anodes, the solution to be purified is passed through a series 
of tanks containing anodes of hard lead. These tanks may be used either for the 
reduction of the amount of copper in the electrolyte or for the complete removal of 
the copper prior to the final treatment of the solution. Where it is simply desired to 
reduce the amount of copper in the electrolyte, the latter is circulated through the 
tanks at a high rate and returned to the tankroom. The high rate of circulation is 
desired in order that the efficiency of deposition may be as high as possible and also 
that the quality of the cathode produced be high enough to be sent to the wire-bar 
furnace. Where it is desired to remove the copper completely, the circulation is 
reduced. There are usually three to five tanks in series, and the copper from the first 
tank is generally of good enough quality to send to the wire-bar furnace. The product 
of the remaining tanks will, to a large e-xtent, depend upon the composition of the 
electrolyte being purified. As the copper becomes depleted, arsenic and antimony 
are deposited as a sludge, which is generally sent to the blast furnace, if there is one at 
the plant, or else treated by special methods. The last tank eliminates the last traces 
of copper from the electrolyte. The efficiency of these tanks is very low, the average 
for the series being about 20 per cent or less. 

If arsenic and antimony are the impurities to be eliminated, the solution is returned 
to the tankroom. If there is a large amount of soluble sulphates, such as iron, nickel, 
or zinc, the solution from the insoluble anode tanks is either sent to the sewer and the 
ocid content wasted, or else it may be concentrated by heating to such a point that, 
opon cooling, the objectionable sulphates are crystallized out. The mother liquor, 
which is high in free acid, is then returned to the tankroom. 

The use of the insoluble anode requires considerable power, but the investment 
fcquired is small, whereas a large investment is required for the manufacture of blue- 
stone. Ifj however, large amounts of solution are required to be purified, there is 
danger of depleting the electrolyte of copper to too great an extent. This is partic- 
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ularly true Trhen the anode contains considerable amounts of nickel or iron, so that 
there is much less copper being dissolved than deposited In such a case it becomes 
necessary to add copper to the electrolyte bj means of bluestone or by trickling hot 
electrolyte through toners contammg shot copper On the other hand, with a pure 
anode there is a budding up of the copper contents of the electrolyte, and this excess 
will have to be removed bv one of the above methods 

The msoluble tanka are usually m two groups, the first of which has a high rate of 
circulation and removes the bulk of the copper, the second group removing the 
balance of the copper together with such arsenic and antimony as may be present 
As the power consumption of insoluble anode tanks is high, an attempt has been made 
to eliminate the first set by utilizing the prmctple of the stratification of the elec- 
trolj te ‘ In this method advantage is taken of the fact that at the face of the anode 
there is a downward flow of the electrolyte due to the increase of copper concentration, 
while at the face of the cathode there is an upward flow due to the decreased copper 
concentration By withdrawing the mam bulk of the electrolyte from the Ion er part 
of the tank and about 10 per cent from the upper part, there is obtained from the lower 
outlet a solution high in copper and relatively low in acid, while from the upper out- 
let the solution is low in copper and relatively high m acid, the copper being less than 
is usually obtained from the outlet of the first group of insoluble anode tanks As 
the impurities do not segregate, the solution from the upper outlet contains prac- 
tically the same amount of impurities as the average solution in the tanks This 
method thus saves the extra cost of one group of msoluble tanks and produces a 
cathode similar to those obtained from the regular refining tanks, with the expendi- 
ture of little, if any, more power than required for the production of regular cathodes 

The cathodes from the electrolytic refining, having been washed, are sent to the 
wiro-bar furnace This type of furn«'ce is similar to that described under anode 
easting (pp 24&-251), but the operation requires more care, particularly m the poling 
operation and casting Great care must be taken to have the metal at the proper 
heat, as cold copper will result m bars that are porous Hot copper will absorb 
gases from the gases of combustion, and these gases will be hberated on cooling giving 
porous copper 

Overpolmg causes the surface of the bar to rise and throw out a worm and the 
resulting metal w ill very likely be brittle The causes of overpolmg are not definitely 
known, but it is believed that sulphur plays an important part 

Refined copper w cast on the Walker wheel or the Btraight-hnc machine as 
described proMOusly The Clark wheel w a modification of the Walker wheel with 
the molds placed radially instead of tangentially, and bars of any length can readily 
be cast thereon 

The commercial forms of cast copper are wire bars, cakes, slabs, ingots, and ingot 
bars ire bars are bars of approximately wpisrc. croea Bectwm, tho length, varying 
from 40 to 60 in , the width and depth from 2^ to 4 m The ends are usually tapered 
to facilitate admission to the rolls m the rolling mill The weight of wire bars vanes 
from 135 to 300 lb accordmg to the demands of the consumer Cakes are square, 
or rectangular eastings, varying in dimensions from 14 X 17 in to 42 X 42 in The 
thickness depends upon the weight desired for any particular cross section and varies 
from 2 to 8 m Cakes under 2S X 28 in are generally cast on the casting machine, 
the larger ones being cast in open iron split molds, placed on a copper base Slab® 
are long, thm, shallow bars, usually with square ends Ingots are small castinpi 
weighing about 20 to 25 lb and have one or two heels cast to permit being broken up 
easily by the consumer Ingot bars arc bars consisting of several ingots end to end 

Cakes and w ire bars arc also east vertically to reduce the amount of “set " surface 

•Prirz Ttant Am Efeetrochem. Sae , \ 1} 28 p llj 
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^Mien casting refined shapes the molds are painted -vvith bone ash. This gives 
a smoother surface than the pulverized silica used in the anode casting. For satis- 
factory work, the bone ash must be thoroughly calcined, be free from grease and 
organic matter, and must be very finely ground, 95 per cent to pass 200 mesh. It 
must be applied uniformly to the molds, or the e.vcess will cause the bars to be pitted. 

When casting refined copper, great care must be used. If the mold is filled too 
rapidly, there will be a tendency for some of the copper to run up the side of the mold 
and set there. Excessive vibration of the casting machine has the same effect. 
Unless these fins are removed by chiseling before rolling, they will be rolled into the 
finished rod and cause trouble. Particles of ladle lining, charcoal, etc., are known 
as “fish” and are removed during the casting and before the metal has set by the use 
of a long-handled, flat-bladed tool. 

Over- and undersized bars are caused bj’' the molds being out of level, warped, or 
by the carelessness of the operator in filling the molds. An oversize bar may cause 
trouble in the rolling mill by crowding the roll and thus producing a fin which is rolled 
into the product. Undersized bars cause no damage in the mill, but add to the 
c.\-pense of rolling owing to the shortage in weiglit, which requires more pieces to be 
rolled for the same tonnage. 

As the bars set, they arc sprayed with water and dumped into a water-filled bosh 
to cool sufficiently to permit of handling and inspecting. The inspection is very 
rigid, and bad-looking bars are rejected and remelted. The bars that pass the inspec- 
tion are stamped with the furnace and charge number for future reference in case of 
complaint. 

The quality of the copper is determined by assay and by taking a sample for con- 
ductivity. While the assay will show the purity of the metal, which generally is 
about 99.93 to 99.96 per cent, the conductivity test is relied upon to show the physical 
qualities. Small amoimts of impurities have, in general, a very marked effect upon 
the conductivity of copper, and while those elements which make copper brittle do 
not, for the most part, affect the conductivity to any great e.xtent, their presence will 
be detected in drawing the wire for conductivity purposes. 

Treatment of the Anode Slime. — ^Thc anode slime contains all the silver and 
gold that is present in the anode, disregarding the insignificant amount lost in the 
cathode. It will also contain varying amounts of arsenic, antimonj’-, selenium, 
tellurium, nickel, and a certain amount of copper, depending upon the degree of 
refining the anode. 

At the tankroom the slime is generally passed over a coarse screen to remove large 
pieces of copper, such as anode scrap and cathode nodules, and is pumped over to 
the silver refinery, where it is allowed to settle in tanks of large cross section. The 
supernatant liquor is decanted and returned to the tankroom. The first step in the 
treatment' is the removal of the copper content, which may vary from 15 to 50 per 
cent. There are several methods of accomplishing this. The earlier method was to 
agitate the slime with a mixture of sulphuric acid and niter in a lead-lined vat by means 
of mechanically rotated paddles, heat being applied by means of steam coils in the 
bottom of the vat. The niter oxidized the copper, which was converted into copper 
sulphate. lYhen the reaction was complete, the residue was washed and allowed to 
settle, and the liquor decanted and sent to the tankroom. The mud was then filter- 
pressed and sent to the refining furnaces. A modification of this process was in agi- 
tating the mixture by means of compressed air instead of the paddles. 

The serious objection to the use of this method, aside from the expense of the 
niter used, was in the formation of large amounts of sodium sulphate, which went back 
to the tankroom with the copper sulphate, and increased the resistance and specific 
gravity of the electrolyte. In order to avoid this and to do away with the e.xpense 
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of niter, the ehmes are givea an. air roastu^ with sulphuric acid present, after which 
they are boded with acid to remove the copper sulphate This method has entirely 
supplanted the former one 

The slime is either spread in thin lasers in trays or in a thm layer on the hearth 
of a roastmg furnace, and heated with a large exciss of air to a pomt where oxidation 
occurs, but below the point where the sluiKa start to sinter The slime may or may 
not be rabbled during the roasting, depending upon the cxistmg facdities for catching 
the flue dust that is formed When no rabbling is done, the tune for the oxidation is 
necessardy of longer duration, a sulphuric-acid spraying may also be given WTien the 
roast IS completed, the slime is removed from the roasting furnace and conveyed in 
cans to the boding tank, where it is boded with ddute sulphuric acid, which remo%cB 
the oxidired copper as copper sulphate It frequently occurs that m this boihrg a 
considerable amount of sdver goes into solution, and this must be precipitated bj’ the 
addition of the necessary amount of raw slime, the metallic copper of which reacts 
w ith the gd\ er The objection to this procedure is that an excess of the raw shme is 
generaHy added so that the finished dune contains moie copper than is desired 
By any of the above methods the copper m the treated shme may be reduced to 
about 1 per cent, and the shme is then ready for the furnace treatment The furnaces 
used are generally small basic-lined reverberatories, or else small bastc-lmcd tilting 
furnaces, the latter being preferable on account of the smaller amount of prccioiio 
metal tied up in the furnace linings, an item of no small importance The fumacea 
may be fired by fuel oil, gas, or powdered coal 

The slune is charged into the furnace with a small amount of soda m order to thin 
out the slag formed on the melting down The shme readily melts, and during the 
meltmg a very fusible thin slag is formed, which is drawn ofi as it is formed, so as to 
keep the surface of the slime from being blanketed and slowing down the melting 
When the charge is completely molten, further additions of soda are made and the 
charge is oxiducd by compressed air through iron pipes inserted under the surface 
of the charge During thiis oxidation, the great bulk of the impunties are removed 
and the charge gradually assumes a metallic aspect ^'heo the soda slag will remoi o 
no further impurities, the metal is covered with niter and the oxidation continued 
This procedure brings the bath up to a good grade of dord, 980 to 990 silver plus gold, 
and the metal is then ready for castmg into dorC anodes The niter slags formed 
during the last operation are generally charged back mto the furnace with the suc- 
ceeding slimes, the soda slags being sent to the blast furnace for recovery of the silver 
and copper content, or treated for the recovery of tcUuriiun before resmellmg In 
some plants the soda slags are returned to the anode furnaces, but this practice is not 
to be recommended, as the various impurities m the slag enter the anode to a con 
siderable extent, thus making them cuculate m the system and usually giving trouble 
with the solution of the anodes m the tanka 

The dor6, which is the name given to the high grade mixture of silver and gold 
13 then cast mto anodes by the use of a band ladle The anodes lary in size at the 
various plants, depending upon the process for removing the silver For the ai crage 
electrolytic process the sue will be approximately 12 X G X H The anodes arc 
then sent to the partmg plant, where the silver and gold are separated For this pur- 
pose there arc two well-established processes in use at the present tune, the sulphuric 
acid and the electrolytic, described in Chap X 

Should there he platinum or palladium present in the dor^, these metals will accom- 
pany the gold The methods of extraction are chemical or electrolytic In the former 
the gold mud is boiled with strong sulphuric acid and a small amount of nitric acid 
4r niter, which dissolves practically all these metals The resulting solution is then 
passed over copper to precipitate the silver and the platinum and palladium Tl'C 
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resultmg sludge is then dissolved in aqua regia, which dissolves the platinum and 
palladium but leaves the silver as silver chloride. From this solution the platinum 
and the palladium are recovered by the nse of ammonium chloride and ignited to 
give a metallic sponge of a purity of 98 per cent or better. 

Metal Losses in Refining. — The question of metal losses in the refining of copper, 
with its accompanying silver and gold, is one of great importance. The sources of 
losses are numerous, and vigilant attention is required to keep them within proper 
limits. The usual sources of losses taken in the order the material passes through the 
plant are as follows; weighing, sampling, assaying, anode slag, anode flue dust, cathode 
loss, wire-bar slag, wire-bar stack, weighing, slimes loss in silver process, gold in fine 
silver, silver in fine gold. There are also certain other losses, such as those from solu- 
tion and theft. 

In weighing, considerable loss may be experienced through lack of proper care 
of the scales and careless handling of test weights. In the average plant these points 
arc generally given careful attention. A usual source of error in weighing lies in the 
taring of the cars carrying the incoming blister. These should be carefully tared at 
stated intervals and particularly after any repair work has been done on the car, 
no matter how slight. An error of considerable magnitude may be caused in weighing 
cars that are not properly protected from the wind while on the scale. 

Sampling errors may easily run into large figures, and everj^ possible precaution 
should be taken to see that the best practice is in use. This is particularly important 
where the blister copper contains considerable silver and gold. The question of 
moisture in blister copper is important. The average copper is very porous and will 
absorb up to 0.5 per cent of moisture while apparently quite dry on the surface. A 
frequent source of error against the refinery lies in the occluded moisture from quench- 
ing the copper as it comes from the molds at the converters. This may amount to 
as much as 0.25 per cent and can be determined only by carefully drying the copper 
at a temperature sufficient to drive off the moisture, but not sufficient to oxidize the 
copper. 

In assaying, errors frequently occur through the laboratory using methods that 
give consistently low results or consistently high results. Unless the splitting limits 
are quite close, so that such methods are brought to the front by the frequency of 
umpire assays, a serious error may be introduced. 

Anode and wire-bar stack losses will, to a large extent, depend upon the nature of 
the material being treated in the furnace. The apparent magnitude is not largo 
judging from baghouse tests, particularly w'herc, as is almost always the case, waste- 
heat boilers are installed. 

Anode and wire-bar slag losses may, and frequently do, amount to a considerable 
item. These slags wall run in the neighborhood of 40 to 50 per cent copper and must 
be re-treated in a blast furnace for the recovery of the copper. It is necessary to slag 
off the silica content, and, as the slag from the blast furnace will contain some copper, 
it is apparent that the more slag made in the reverberatory furnaces the more, slag 
will be made in the blast furnace with its accompanying copper loss. This loss is 
particularly serious in cases where the refinery slags are treated in a black-copper 
furnace, ns in such a case the resulting slags are very much higher in copper with a 
correspondingly greater copper loss to the refinery. 

Cathode losses constitute one of the largest items of silver and gold losses in the 
process. There is alwaj's a certain amount of anode slime floating in the electrolyte 
and, if the cathode is rough, a largo amount of this maj' be caught and thus pass into 
the wire bars, where it is lost. This loss may be controlled by careful supervision over 
the factors affecting the cathode deposit, such as proper refining of the anode, current 
density, and rate of circulation. 
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In the treatment of the anode ^me in the sdver building there i3 opportumtj for 
great losses in the furnace gases In fonnec jeua these losses uece of considerable 
magnitude, and it is only rvith the recfflt installations of the Cottrell system that their 
real magnitude has been appreciated At the present time with properly designed 
Cottrell apparatus the losses from the silver refinery roaster and furnace gases hare 
been reduced to a very low point, thoi^, even with this safeguard careful natch 
must be kept on every step in the process for unsuspected leaks that, m the course 
of a year, may he considerable 

In the production of fine silver there is always loss of gold due to the difficulty of 
keeping the gold mud completely out of the silver crystals Similarly, the refined 
gold always contams some silver The partial cure for such losses is in proper care of 
the dorS anode bags so that the loss is reduced to a minimum 

The amounts of the losses in cathodes, silver, and gold are kept contmually before 
the management through the daily assays, so that any tendency to go wild should be 
promptly discovered and means taken for correction 

Losses by theft may amount to a large item, particularly if there is much smsU 
stuff such as copper scrap or scrap wire received Such copper is easily earned out 
of the plant m dinner pads, clothing etc , and a careful watch must be kept to keep 
this at a minimum A thorough policy of prosecution when an employee is caught 
will go a great way to prevent similar occurrences in the future 

In general, it may be stated that m a well conducted refinery the copper losses v ill 
average about 7 to 8 Ib per ton of cathodes produced Sdver and gold should break 
about even, provided the assays are uncorrected, if corrected, the silver loss wdl he 
about 2 per cent and the gold loss about 1 per cent of the contents of the anode as 
these figures are the average corrections for the usual type of copper received by the 
refineries 

Properties of Refined Copper — Tbe melting pomt of pure copper is 1083‘C , 
which may be shghtly reduced by the presence of small amounts of cuprous oxide 
The boding point ts in tbe neighborhood of 2310*C , but experimental difficulties hare 
prevented a precise determination 

The latent heat of fusion is 43 3 cal per g , and its specific heat vanes with tbe 
temperature The !National Bureau of Standards gives the latest determination as 
(7 = 0 0917 X 0 000048(t - 25) 
where t is the absolute temperature 

The electrical conductivity of copper vanes greatly, depending upon the presence 
of mmute quantities of various impurities The following tables compded from 
various sources, together with experimental work by the writer, show m a genersl 
way what may be expected It must be kept in mind, however, that the presence 
or absence of oxygen in the copper may greatly vary the results When the impurity 
IS in solid solution, its effect is generally much greater than if it is in some other form 
In these tables the conductivity of puns copper is arbitrarily taken at 100 per cent 


Ter Cxkv 

Alummum 
0 000 
0 006 
0 050 
0 100 

Antimony 
0 000 
0 020 


CoNavcnvnr 
Fn Can 

100 0 
99 0 
84 0 
67 0 

100 0 
97 5 


P*B CSWT 

0 050 
0 100 
0 250 
Arsenic 
0 000 
0 003 
0 010 
0 050 


CondCCTIVITT 

Pub CISC 

95 0 

75 0 

100 0 
98 5 
95 5 
85 0 
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Per Cent 

Conductivity, 
Per Cent 

0.100 

75.0 

0.200 

60.5 

0.500 

40.0 

Bismuth: 

0.000 

100.0 

0.005 

100.2 

0.010 

99.5 

0.050 

98.5 

Cadmium: 

0.000 

100.0 

0.025 

99.9 

0.050 

99.6 

0.100 

99.0 

0.250 

97.0 

0.500 

96.0 

Lead: 

0.000 

100.0 

0.050 

99.5 

.0.100 

99.0 

0.300 

98.5 

Nickel: 

0.000 

100.0 

0.005 

99.0 

0.010 

98.5 

0.100 

93.0 

0.400 

75.0 

1.000 

55.0 

Phosphorus: 

0.000 

100.0 

0.005 

100.5 

0.020 

96.0 


Per Cent’ 

0.070... 
0.150... 
Silver: 
0 . 000 ... 
0 . 100 ... 
0.500... 
1 . 000 ... 
Sulphur; 
0 . 000 ... 
0.050... 
0 . 100 ... 
0.260... 
Tellurium : 
0 . 000 ... 
0 . 010 ... 
0.025... 
0.050... 
0 . 100 ... 
Tin: 
0 . 000 ... 
0.050... 
0 . 100 ... 
0.500... 
Selenium; 
0 . 000 ... 
0 . 010 ... 
0.050... 
0 . 100 ... 
Zinc: 
0 . 000 ... 
0.050... 
0 . 100 ... 


CoNDDCriVITT, 
Per Cent 

60.0 

42.0 

100.0 

99.8 

97.5 

95.5 

100.0 

99.5 

98.0 

97.0 

100.0 

100.0 

99.0 

99.0 

98.5 

100.0 

98.0 

93.0 

75.0 

100.0 

99.0 

98.5 

98.0 

100.0 

98.5 

96.5 


The effects of the various impurities on the mechanical properties of copper may be 
.summarized as follows: 

j-lrscnfc toughens, hardens, and increases the tensile strength of copper when 
present up to at least 1.5 per cent. It will not impair the forging properties when 
added in amounts up to 0.5 per cent and invariably improves the forging properties 
of impure copper. 

Anlhnomj hardens and strengthens copper, though not to the same extent as 
arsenic. It is not detrimental in amounts up to 0.5 per cent if other impurities are 
absent and the proper amount of oxygen is present. 

Bismvlh has by far the most deleterious effect on copper of any impurity; 0.02 per 
cent makes copper red-short, 0.05 per cent makes it cold-short, and 0.1 per cent makes 
it very brittle. The injurious effects of bismuth may, to a certain extent, be counter* 
acted by the presence of oxygon. 

Cobalt is said to confer greater durability at high temperatures and toughens, 
hardens, and strengthens copper in tl-e cold. 

Iron, when present in amounts in excess of 1 per cent, makes copper hard and 
brittle. 



274 


NONFERROUS METALLURGY 


Lead when present alone in copper reduces the strength, ductility, and toughness 
of copper, as the latter has no solvent power for lead The latter, therefore, honej- 
combs the structure more or less uniformly and greatly weakens it abo\e ordinarj 
temperatures In the presence of o^j^en and arsenic, lead may occur to some extent 
without ill effects In the absence of oxygen and arsenic, 0 1 per cent lead will make 
copper unworkable, but with oxygen and arsenic present this amount is claimed to 
make copper roll better 

McAref in small amounts — a few tenths of 1 per cent — imparts strength, toughness, 
and increased resistance to deformation at high temperatures In Germany, copper 
containing a small amount of nickel is preferred to arsenical copper for the manufac- 
ture of fireboxs beets 

Oxygen in commercial impure wrought copper is essential where the metal has to 
withstand repetition of small stresses, exposure to atmosphere, influence of corrosive 
agents, etc Its presence offsets the harmful effects of bismuth, lead, etc Copper 
containing too much oxygen is cold short, and, if the oxygen is in great excess, the 
metal is also hot-short 

Silicon, when added to copper m amounts up to 3 5 per cent, increases the hardness 
and assiata in the production of sound castings With 6 per cent silicon, copper is 
brittle A omall amount of silicon, 0 1 per cent, added to copper will increase the 
fluidity of molten copper so that castings free from blowholes cao readily be produced 
Sther in copper benefits its mechanical properties and has no effect upon its hot 
working properties 

Sulphur in copper forma a highly dangerous brittle constituent and is very detri- 
mental to the mechanical working of copper \Vbcii present, its bad effects may, to 
a large degree, be counteracted by the addition of roanganese or aluminum 

Oxygen-free copper (OFHC) having <tuahlies supenor to regular fire-refined 
copper is produced by a patented process developed by the United States Metals 
Refining Co In this process the last traces of oxygen are removed m the refining 
process, and the metal is cost m a reducing atmosphere 

Another type of oxygen free copper is produced by first depositing a brittle 
copper cathode, which is broken into pieces of the desired sue These pieces are 
briquetted by compressing at a pressure of 20,000 lb per sq in The bnquettw aw 
then sintered in a reducing atmosphere and pass to an extrusion press, from which 
solid metallic copper os produced in the shapes desired 

Electric melting of copper cathodes has been developed by the International 
Nickel Co This company has installed elcctnc arc furnaces which are continuously 
charged with cathodes and which produce finished shapes without the usual blowifig 
and poling operations of the reflaing furnaces 
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REFINING OF GOLD AND SILVER BULLION 

By Elby J. Wagohi 

Parting. — Gold and silver are so intimately associated in all classes of bullion pro- 
duced in either mining or metallurgical operations that refining processes must not 
only consider the elimination of the base metals present in the alloy, but also the 
“parting,” or separation, of the gold and silver. This separation is effected by dry, 
wet, or electrolytic methods. 

The dry method is based on the conversion of the silver in the alloy to a chloride 
or a sulphide while the bullion is in a state of fusion. This principle finds application 
in the so-called Miller process, in which chlorine gas is passed through the molten 
metal, converting the silver and base metals into chlorides which pass off as fumes or 
are skimmed from the surface of the molten charge. The use of this method is, of 
course, restricted to bullion carrying limited amounts of silver. 

The wet method depends upon the solubility of silver and the insolubility of gold 
either in nitric acid or in boiling concentrated sulphuric acid. In practice, the 
sulphuric acid-parting process has gradually superseded the older and more expensive 
nitric-parting process. 

The electrolytic method is essentially a wet method, but is based on electrochemical 
rather than simple chemical reactions. Electrical energy is used to produce chemical 
changes by the passage of a current through an electrolyte. The Moebius, Balbach, 
and other silver-refining processes for refining bullion in which silver predominates 
in the alloy depend on the solubility of silver and the insolubility of gold at one elec- 
trode and a deposition of silver at the other under current action in a nitric electrolyte. 
The only differences in these silver-refining methods are certain mechanical variations 
and arrangements in the equipment used. The application of electrolytic parting to 
bullion in which gold is the predominant metal is found in the Wohlwill process of gold 
refining based on the solubility of gold and the insolubility of silver at one electrode and 
the deposition of gold at the other, under current action in a chloride electrolj^e. 

In this general outline of methods used in the parting of gold-silver alloys, detailed 
consideration will first be given to the Miller process, or the refining of gold bullion 
by the use of chlorine gas. 

Miller Process of Chlorination. — The equipment and the operation of the Miller 
process installation in the Royal Mint at Ottawa, Canada, are described by Messrs. 
Cleave and Bond.“ 

This plant operates 16 chlorination, 2 tilting, and 4 ordinary furnaces. The 
chlorination furnaces are of fire clay, cylindrical in shape, with an inside diameter 
of 9 in. and a depth of 18 in. This batterj' of furnaces is connected with a large flue 
chamber provided with a spraying system for washing and cooling the fumes developed 
m the operation of chlorination. Provision is made for the recovery of values in the 
water through which the fumes have passed in a series of filters and settling tanks. 
Chlorine gas is supplied from cylinders housed in a brick leakproof closet. The gas is 

* Superintendent, Melting and Refining Department, U, S. Mint, Denver, Colo. 

* Eng. ^f^n^ng Jour.-Press, Feb, 3, 1023. 
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conducted through a hcavo lead pipe extending along the top of the flue chamber ith 
a branch leading to each furnace fitted fiith a ^alve for regulating the flow of gas to 
the different units 

Claj crucibles are used has ing a height of IIH ® diameter at the top of 

m , tapering to 3H in at the bottom These arc presided with slotted cos ers to 
allow inserting and wnthdrawing the cla> pipe stems, which are about 2 ft \n length 
and B in in diameter In the operation of chlorination, the clay crucibles are placed 
inside graphite crucibles as a safeguard against leakage or breakage 

Bullion for treatment is first melted in a tilting furnace m charges of 7000 to 
8000 02 After the chlormation equipment is brought to a red heat, COO to 700 or 
of the molten bullion from the filter is poured mto each crucible, sufficient borax 
has mg been prcsnou«lj added to form a cover in ui tliickncss Tlie pipe stems are 
forced to the bottom of the crucibles and held m position by clamps The gas is 
turned on slowly at first, and the flow is gradunll} increased to the maximum where 
no free chlorine is given off The base metals arc immediately attacked, and pass off 
in dense fumes sshich arc drawn into the chamber through the furnace flues 

After the base metals has c been practically eliminated, chloride of sils er is formed, 
which floats on the surface of the gold beneath the boras cover WTicn chlorination 
has been completed determined bj a brownish stain formed on a claj rod held in the 
fumes, the remaining silver chloride and other impurities are baled off The gold is 
then cleaned up w ith bone ash and poured into a mold, and the crucible is ready for 
anolher charge 

The time ncccasarj for the completion of the operation depend®, of course, on the 
amount of eiK or and ha«c prc«cnt in the bullion Bullion containing 600 parts gold, 
150 parts siKcr, and 50 parts base metal per 1000 requires 1^ hr for chlorination, 
and during this period it is nccesssr} to skim off the silier chloride formed three times 
to prevent it from overflowing the crucible 

The chlorides ekimmeil off during the operation ore rcmeltcd in a No 45 graphite 
crucible, and soilium carbonate is slowly ehargwl in on tiie top of the melt Thw 
effects a partial reduction of the chloride to metallic silver, which, m settling to the 
bottom of the crucible carnrs with it the gold contained m the chloride The charge 
IS allowed to cool siilficieiltly to solidify the mclnl and the still molten chloride is 
poured into shallow molds Tlxe silver containing the gold is cast into anodes and 
refinwl hv the cleclrolvtie Moi bius process 

Ibc chloride cakes are Irealetl in a tank with boiling water to remove tlie base 
chlorides, and then placed in another tank m nlUmatc layers with iron plates for 
reduction of the chtondo to metallic silver Tbis silver will sometimes approxunato 
a fineness of 099 Tlie gold from this process wiU nverago 090 5 ilh a plant « 
outlined it is possible to produce 250 000 ox of refined gold in a 4S-hr week 

Sulphuric Acid Porriog — Tliis process h*» been described in detail by Schnabel 
in liLs "Handbook of Metallurgy,’ by T K Rose in "The Metallurgy of Gold,' 
and by others, and consists essentially in four operations as follows (1) blending of 
the bullion to rcqmreil fineness and pn paration for partmg operation, (2) diasolnng 
of the silver by siilplmric acid (3) treatment of tbc residues for gold, (4) recover) of 
llie silver from sulphate solution 

Blending of the BuUiod —Tlie bullion must be blended or mixed m such proper* 
tion that a melt of preecnhcil weight must contain certain definite proportions of pol 1 
silver, and base metnis llic tnske-up \snes m diffennt plants, ranging from 
to 4 parts of silv cr to 1 part of gold accordmg to the amount of copper present The 
sulphates of the ba«e inelals present in the bullion art only slightly soluble in foo- 
ccntraled sulphuric acid, and eare must be excrcLseil in keeping the ba«e-niclal ronfent 
within certain limits Tlie copper prmnt should nev cr exceed 10 per rent, an I d 
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possible, should be kept under 6 per cent. Lead, up to 5 per cent, does not materially 
interfere with the process. The bullion is melted in graphite crucibles in melts of 
3600 to 6000 troy oz. 

In order to expose the maximum amount of surface to the action of the acid, these 
melts are either granulated or poured into thin slabs. Granulations are made by 
pouring the molten metal, in a small stream with a whirling motion, into large copper 
tanks filled with cold water. After pouring, the water is drawn off and the granu- 
lations are dried on heated trays of either copper or iron. Slabs for parting are cast 
into shallow iron molds 54 in. deep by 9 in. wide by 15 in. long. The advantage 
claimed for the slabs over granulations is in the less violent action of the acid, thus 
affording better control of the dissolving action. 

Solution of the Silver. — This is effected in cast-iron pots of fine-grained, compact 
white iron containing a small percentage of phosphorus or silicon. These pots are 
usually hemispherical in shape, 40 in. or less in diameter, with a 1J4- to 2-in. wall. 
Covers, either of cast iron or heavy sheet lead reinforced with iron, are fitted to the 
pots with lead-pipe connection foi carrying off the fumes of sulphur dioxide and 
openings for charging with metal and acid. Dissolving kettles have capacities 
ranging from 3600 to 16,000 troy oz. 

For each part of silver in the bullion, 2 to 2J4 parts by weight of commercial con- 
centrated sulphuric acid, 66°B5., is added. Heat to facilitate action of the acid is 
usually applied by wood fire, and extreme care must be used in regulation of the tem- 
perature in controlling the ebullition. One-half of the total acid required is added 
at the start, and the remainder from time to time as the action warrants. During 
action, the charge must be stirred occasionally with an iron tool. The time required 
for complete solution of the silver varies from 6 to 12 hr., depending on the amount 
of base metal present and the care with which repeated stirrings are made. The acid 
vapors are led to a condensing chamber where particles of silver sulphate carried over 
may be deposited. SO 2 may be recovered in leaden chambers as sulphuric acid, 
ferrous sulphate, or hyposulphite. 

The reaction represented in the process would be 

Ag2 + 2H2S0< = AgSOi + SO 2 + 2 H 2 O 

The base sulphates are only slightly soluble and, therefore, have a tendency to stay 
with the gold residues; their chemical reactions are, as a rule, quite complex. In the 
end, a small amount of cold acid is added to help clear the solution. The clear solu- 
tion of silver is ladled or siphoned into lead-lined tanks partly filled with hot water, in 
which the precipitation of the silver is effected. 

Treatment of the Residues for Gold. — Repeated boilings of the gold residues with 
fresh concentrated acid are necessary to remove the remaining silver and base metal. 
Often as inanj’’ as seven boilings are necessary. Residues are finall 3 ^ washed with hot 
water or hot dilute acid to remove the anhydrous sulphates. The gold is pressed, 
dried, and melted with a flux of niter and bone ash, and is cast into bars having an 
average fineness of 995. 

Recovery of Silver from Sulphate Solution. — Silver maj' be recovered from solu- 
tion bj' precipitation with copper, iron, or ferrous sulphate. The most common 
method is by copper replacement, in which the solution is brought to a concentration 
of 24°B6. by steam, and silver is precipitated as cement silver on scrap copper placed 
around the sides and on the bottom of the tank, or, better, on slabs of copper hung 
vertic.ally in the solution. After the silver is completely precipitated, it is allowed to 
settle and the clear solution siphoned off. The silver is removed to a wooden filter 
tank where it is thoroughly washed. .After pressing into cakes, it is dried and melted. 
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giving a product, after fluxing, 990 to 998 fine Further refinement, if necessary, 
may be accomplished by cupellation 

In the iron method of recovery, the silver sulphate is separated out in sohd form 
and packed m layers alternating with layers of sheet iron Thu method is attended 
with much heat and considerable gassing butismoreeconomical Thesilvermayalso 



Diagbam 1 — Silver refinery flow sheet 


be recovered by running a hot solution of fe jus sulphate through a filter containing 
crystals of sulphate of sflver according to the reaction 

AgjSO, + 2FeSO« «= Agi + Fe,(SO0, 

The feme sulphate maj be reduced by iron and used again for reduction of the sflver 
\Vhere copper is u«ed for pcccipitaUng the silver the copper in the mother liquor 
may be crystallized as copper sulphate by alternate evaporation and crystallization 
on lead sheets suspended m lead-lined tanka 

Electrolytic Processes ■ — Electrolytic methods of refining have to a large extent, 
replaced or supplemented the acid partmg process not only in large-scale operations 
but also in the smaUcr plants, in private as well as government-operated refinene* 
The adiantages over acid partmg may be snuiioed up as follows (1) lower cost of 
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operation, (2) higher standard of refined product, (3) neatness of operation and 
absence of noxious fumes, (4) recovery of the platinum metals as by-products. 

The Moebius and Balbach systems of silver refining find application in the treat- 
ment of bullion ranging from a few points of gold (dord silver) up to 350 parts per 
1000; the Wolilwill process of gold refining, in the treatment of bullion containing 
850 or better of gold per 1000. 

The Moebius Process.’ — Wooden tanks of pitch pine may be used, thoroughly 
tarred to prevent leakage. These tanks, 2 ft. wide by 12 ft. long, are divided by 
transverse wooden partitions into seven compartments or units. In each compart- 



Fig 1. — ^Moebius cells. Anodo shown at left. Stripping cathode at right. 


ment are suspended three rows of anodes and four rows of cathodes. The anodes 
are suspended in muslin bags or cloth frames which serrm to collect the undissolved 
metals and prevent contamination of the deposited silver. The cathodes are thin 
rolled strips of pure silver, which are straddled by mechanically operated wooden 
scrapers remordng silver crystals as fast as they are deposited, and servdng to keep the 
clectrolj'to uniform by gentle agitation. A removable tray is placed under the elec- 
trodes for removal of the silver, and all arrangements, electrodes, scrapers, etc., in 
each unit are carried on a frame and can be lifted together from the refining tank. 

The clcctrolj’te is a weak solution of silver nitrate containing free nitric acid, 
though the operations may be started wnth a dilute solution of nitric acid. 

In the treatment of dor(5 silver bullion the permissible current density varies from 
20 to 28 amp. per sq. ft. of cathode surface, and the potential across the electrodes, or 
of the unit, is 1.4 to 1.5 volts. xU this density about 40 per cent of the daily output 

< For n description of this process as practiced at Maurer, N. J., see Griswold, Eng. Mimng Jour., 
i'ol 107, p. 789, May 3, 19\9, 
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of each unit is pcrmanenti} held in stock in cathodes and electrolyte The energy 
consumption is 13 2 watt hr per ox of silver deposited 

The anode mud consisting of gold, soiaesdver, lead as peroxide, and other insoluble 
metals, is remov ed periodically from the tiags and after washing, is parted by acid or 
other mean* 

The silver is deposited m a loose crystalline form easily removed from the cathode, 
although at low er current densities it is deposited m a more adherent form An addi- 
tion agent as gclatm or glue m the electrolyte to harden the deposit, is effective only 
w hen the solution is comparatively free from base metals 

Balbach Process ’ — The electrolyte used m this process is the same as used in 
the Moebius but the anodes mstead of being suspended vertically in the electroly to 
are placed horizontally in filter frames or baskets supported on the edges of the tanks 
and the silver is deposited on a cathode fitted to the bottom of the refining cell or 
tank Ongmally this cathode was made of silver but the universal practice now is 
to use graphite plates, H m thick, cut to size to fit the bottom of the refining tank 
Contact with these plates la effected by use of silver candle-shaped contact pieces 
cast m a special mold, and m a similar manner electrical connection is made with the 
anode The anodes are cast in thin slabs and placed in the muslin Imed wooden 
frames or baskets with gnll bottom The insoluble residues accumulate on the 
underside of the slabs as the parting progresses, thus gradually increasing the resist- 
ance of the cell The deposited silver is removed from the bottom of the cell by a 
long handled ecoop of wood or bard rubber, the anode basket being raised clear of the 
cell to facilitate the operation 

The distance between the electrodes is 4 in and the depositing surface about 8 sq 
ft W ith a voltage of 3 S per tank, and a current density of 20 to 25 amp per sq ft , 
the energy consumption IS 31 5 watt hr per oz of silver produced and 32 per cent 
(approximately) of the dady output is held in process in electrolyte and contact piece* 
No agitation or circulation of the clectrofytc is required in this process 

A critical comparison of the htoebius and Balbach systems is made by F D 
Lasterbrook * It is to be noted that the Balbach cell h simpler in its operation, hav- 
ing no moi mg paits Its energy consumption however is greater and its depositing 
surface per unit of floor area is considerably less than that of the Moebms 

An inooiation in silver refining nos tried for ramc time m the Ottawa Mint 
in Canada and was de<»cribed by A H W Cleave • 

The cell made use of a rotating cathode and permitted a current density of 150 
amp pet sq ft of cathode surface at a voltage of 2 5 without unduly increasing the 
temperature of the electrolyte These celb were 36 m in diameter, and the elec- 
trolyte was contamedmtheaimuiar space 8u\ wide by 18 in deep between the outer 
and inner walls of the cell The cathode carrier was supported at the center of the 
cell and was reiolved by a shaft passing through this central hollow space The 
deposited silver was loosely adherent and was automatically scraped from the cathodes, 
falling into removable trays from which the silver was removed every 4 lir 

An interesting comparison between the Moebius and the newer type of cell was 
given by^ Cleave ‘ In spite of the apparent advantages, it is understood the newer 
cell was abandoned 

The United States government m its Mint and Assay Service operates three elec- 
trolytic refineries All classes of bullion are received for refining, except that in w Inch 
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tlic Ijose-metal content exceeds 800 parts per 1000, and electrolytic processes are used 
exclusively in the parting and refining operations, the Moebius and Balbach-Thum 
processes for silver, and the Wohlwill method for gold. Most of the refined silver is 
produced by the Moebius or "vertical sj'stem,” the Balbach-Thum or “flat cells” 
being used to supplement the Moebius-cell operation in treatment of the unparted 
anode remnants and bullion too base to be handled bj' the “vertical system.” 

The cells used in the “vertical system” are of vitrified acidproof stoneware, either 
of earthenware or domestic porcelain, 44 to 48 in. long, 24 in. wide, and 18 to 24 in. 
deep. The electrode supports are either hard-rubber rods reinforced by a steel core, 
or close-grained maple sticks, rounded on one side and painted with an acidproof 
paint. Half-round conducting strips of either gold or silver cover the top sides of 
the electrode supports and are fastened to bus bars placed along the edge of the cells. 
The distance between electrodes varies from 2M to 3 in. The anodes are cast with a 
hole in the top and are suspended in muslin bags from the conducting supports by 
C-shaped hooks of gold. The cathodes are strips of silver rolled out to a thickness 
of H 6 in. and bent over at one end to hang from the supports. 

The electrolyte is a 3 per cent solution of silver nitrate containing about 2 per cent 
of free nitric acid. It is kept uniform either by circulation effected by air lifts of hard 
rubber, forcing the solution from the bottom of the cell and discharging at the surface, 
or by gentle agitation furnished by glass propellers connected to a motor-driven line 
shaft. 

The first step in the operation is the preparation of the bullion for refining, the 
making of anodes for the refining cells. While the process allows considerable latitude 
in the amount of gold in the anode, it is customary in practice, in order to se''ure more 
uniform eonditions in the cells, to make up anodes having a definite ratio of gold to 
silver. The usual make-up is an alloy containing 300 to 350 parts of gold per 1000 
with not over 100 to 150 parts of base produced by blending low-grade gold bullion, 
which cannot be handled directly by the Wohlwill process, with bullion in which the 
silver predominates. These silver anode melts of 4500 to 4800 troy oz. are melted in 
No. 100 graphite crucibles and cast into anodes of the desired shape and size. A 
tapering pin in the mold provides the hole in the anode used for suspension in 
the cell. 

A current density of about 14 amp. per sq. ft. of cathode is maintained, using a 
voltage of 1 to 1.3. Under current action, the silver and base metals are dissolved 
at the anode, the gold and insoluble residues remaining in the muslin bag in a brittle 
brownish-black condition resembling a poor grade of lignite. This “black gold," as 
it is called, retains the original shape of the anode, and when removed from the cells 
it is broken up to remove “cores” of unparted bullion which it sometimes contains. 
After a thorough washing with hot water, the black gold is dried and melted into 
anodes for treatment by the Wohlwill process. The fineness of these anodes depends 
not only on the quality of silver anodes from which obtained, but also on the current 
density used in the parting operation and the condition of the electrolyte. The fine- 
ness ranges from 800 to 900 parts of gold with 50 to 100 parts of silver. 

Pure silver is deposited on the cathodes in a crystalline form; this is scraped 
from the cathodes at intenmls into porcelain jars. Crj-stals that fall to the bottom 
of the refining cells arc periodically removed and added to the cathode production. 
The collected silver is thoroughly washed with hot water, in either porcelain filters or 
earthenware centrifugal machines. In the latter case, the silver is placed in an 
earthenware basket or rotor, Imed with 7-oz. cotton duck, provided with a series of 
channels at its periphery for carrying off the wash water. This basket makes 800 
r.p.m., and washing is effected very rapidly. After washing, the centrifugal is oper- 
ated for a time, drying the silver sufficiently to be removed and charged into the 
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crucible for melting If waabing is done in an ordinary filter, provision is sometimes 
made for drjing the silver crjataJs in a steam drying oven The siKer is melted m 
No 100 to 125 graphite crucibles in melts of 5000 to 5500 troy oz without the use of 
fluxes and cast into bars having an average fineness of 999 5 A cast-iron cover 
placed over the mold after pouring pres ents 'spitting " of the siU er in cooling 

Theie is a gradual depletion of Bilver and a«d m the electrolyte as the base metals 
pass into solution at the anode, and tins must be taken care of by additions of strong 
silver nitrate and nitric acid Tbc clectrolj tc is tested at intervals to determine the 
extent of thw depletion Titrations are made with potassium thiocyanate using 
ferric sulphate as an indicator for sih cr determinations the acid being determined by 
potassium hydroxide with methyl orange oa an indicator 

I he flat cells of the Ilalbach Ihum process used to work up the cores or 
unparted remnants of the bullion from the vertical cells, are of brown earthenware 
39 in long 19 in wide and 12 in deep The tray or basket, in which is placed the 
unrefined bullion is either of earthenware or of wood If wooden baskets are used, 
no metal should be used m their construction Several thicknesses of filter cloth are 
needed in the basket as the parting is attended with considerable beat Connection 

15 made to the anode by a candle made up of a 50 per cent gold and 50 per cent sili er 
alloy which easily withstands the action of the current, and to the carbon plates or 
cathodes by long candles of fine silver Copper lugs arc fastened to the tops of these 
candles for connection with the conducting cables The distance between electrodes 
la about 6 m and the depositing surface is $e<i ft The resistance of this cell u high 
requiring a potential of 5 x olts to matntaui a current density of 14 amp per sq ft 
No agitation or cuculation of the electrolylo is needed 

The operation of these cells is similar to that in the vertical cells The silver is 
removed by long handled scoops of rubber or wood and added to the production of the 
other process and the ' black gold from the baskets is washed and melted into 
anodes for the gold cells Three or four of these cells will take care of the cores from 

16 vertical cells 

The electrolyte becomes foul in time and is drawn off, and the silv er m this solution 
together with the wash waters from the fine silver and black gold is recovered by 
precipitation on copper scrap as cement silver This recovered silver may be used in 
the making of strong silver nitrate for additions to the refining cells or in the make up 
of silver anodes 

A flow sheet of the silver refining process (Diagram 1) outlines the general 
procedure in the government refineries 

‘WohlwiU Process of Gold Refining — The cells are of white Royal Berlin porcelain 
i6 m long by in wide by 12 in deep, inside, usually arranged in batteries of 
12 to 15 cells connected m series One plant is successfully usmg cells of domestic 
porcelain 44 m long 24 m wide and 18 m deep Electrode supports are of porce- 
1am or hard rubber, steel reinforced rods or, where the larger cells are used, maple 
sticks painted with, acidproof preparation are used As in the silver system these 
supports are covered with strips of gold for conductmg the current The anodes are 
cast with a hole m the top and suspended from the anode supports by C-shaped gold 
hangers or hooks They are cast in a shape to xmnunize the amount of scrap to be 
re-treated as shown in Fig 3 

While anode C seems to offer the smallest percentage of scrap for remeltmg a 
larger percentage of the anodes were broken when castmg as the metal is often quite 
brittle At best, about 10 per cent of the metal treated in the cells is returned for 
remeltmg m the form of anode tops TTie tapering of the anode m its thickness 
permits of more uniform corrosion izi the ceU, the etcongest action being at the solution 
Ime 
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The cathodes are strips of fine gold rolled out to a thickness of 0.01 in. and cut to 
proper length. One end is turned over to permit of hanging from the cathode support. 
These starting sheets are annealed to prevent warpmg or buckling in the cell, care 
being used not to soften the turnover which supports the weight of the deposited gold. 

The electrolyte is a solution of gold chloride containing 50 to 60 g. to the liter of 
gold, with 5 to 7 per cent of free hydrochloric acid. It is kept uniform in the same 
maimer as the silver cells, by circulation, by using an air pump, or by agitation fur- 
nished by glass propellers. 

The current used is a pulsating or nonsymmetrical alternating one, obtained by 
connecting a direct-current generator in series with an alternating-current source, 
which source may be either an alternating-current generator of proper voltage, or a 
high-voltage source stepped down by use of an induction regulator. The refining 
can be done by direct current alone, but the pulsating current makes possible the 



I'lG. 2. — Woblwill cells with glass-propeller agitation (foreground) ; Moebius cells (center) ; 

Thum-Balbach cells with candle connections (right). 

refining of gold bullion containing a higher percentage of silver at higher current den- 
sities and with less free acid. This current, its application and advantages, are 
described by the inventor. Dr. Emil AVohlwill.i The electrodes do not change polarity 
unless the alternating current is greater than -v/ 1.5 times the direct current (Z. 
Elcdrochnn., Yol. 49, p. 471, 1943). 

In each cell there are three anode and four cathode supports. TTiree cathodes arc 
suspended from each support, giving a total depositing surface of 2.8 sq. ft. per coll. 
The depositing surface in the large cells mentioned is 10 sq. ft. The current density 
used is SO to 70 amp. per sq. ft. of cathode surface at O.S to 1.1 volts per cell, and the 
ratio of alternating to direct current is determined by the silver content of the anode. 

Under current action, the anodes that contain 8 to 10 per cent of silver arc dis- 
solved, the gold as well as the platinum metals together with the base passing into 
solution, while the silver is changed to insoluble chloride and falls to the bottom of 
the cells. Osmiridiuin crystals in the anode arc not affected by the current and fall 
with the silver chloride. An excess of silver in the anodes forms a coating of chloride, 

' CKrm. JBnp , Yol. S. Vebruary, 1910. 
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which protects them from further ftction, thus rendering them practically insoluble, 
and an evolution of chlorine results 

Tlic gold deposited at the cathode » very hard and quite dense, and the starting 
sheet is melted with the deposited gold flic cathodes are removed after receiving 
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a deposit of 150 to 200 oz of gold, washed in porcelain filters, dried, and melted 
without the use of fluxes in melts of 8000 to 9000 oz and cast mto bars having a“ 
average fineness of 999 5 to 999 8 Frequently, these melts will run to 999 9 n* 
fineness 
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Fig. 4. — Motor-driven earthenivaro centrifugal for Tvashing and drying slimes. 



5. 'U oliln'ill cells. Anode shown on left, cathode on right, thin rolled gold strips 
in foreground for starting sheets. 
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As the base metals are dissolved at the anode, the gold content of the electrolj-te 
drops and it is necessary to add strong gold chloride at intervals A rapid and fairly 
accurate method of testing the electrolyte is to precipitate the gold m 1 cc with an 
excess of ferrous ammonium sulphate and to determine the excess used by titrating 
back with potassium permanganate The ferrous solution is prepared bydissolvmg 
154 g of the salt m 500 cc of distilled water, adding 5 cc of concentrated sulphuric 
acid and diluting to 1 1 , 1 cc of this soVutum -wiU ptecipalate 25 mg of gold The 
permanganate solution is made up so that 1 cc will equal 1 cc of the ferrous solution 
by dissolving 12 3 g of the salt in 1 1 of distilled water 

In order to take care of the depletion of gold in the electrolyte, it is necessary to 
keep constanllj on hand a stock of strong gold chloride This chloride is made 
either by dissolvmg fine gold bars or granulations in aqua regia, or electrolytically , by 
passing a current through an electrolyte of concentrated hydrochloric acid using 
anodes of fine gold and fine gold cathodes suspended m a porous porcelain cell The 
porous cup prevents the deposition of the gold at the cathode, and the gold dissolved 
at the anode is rctamed in solution In either method, the operation is carried on 
under a hood The resultant gold chloride has a strength of 375 to 450 g of gold per 
liter 

About 6 per cent of the gold treated fal]> mechanically into the silver chloride 
slimes The reduction of the silver chloride is effected by use of granulated zmc in 
porcelain tanks, sufficient acid being present to start the action After reduction is 
complete the slimes are thoroughly washed u a filter or centrifugal msebme and 
melted directly into anodes for the ailver-refinuig cells These slimes will average in 
fineness 250 to 500 parts gold, 30 to 40 parts base, balance silver, and in the melting 
sufficient gold or silver buUion is added as required to produce an alloy of the fineness 
required by the aiWer refining operations 

The gold in the spent electrolyte and wash waters is recovered by precipitation 
with ferrous sulphate or by scrap copper As gold so recovered is in a very fine state 
of divis on and difficult to melt and wash without loss, an electrolytic recovery is to 
be preferred This is accomplished by the use of a double-compartment cell in which 
a small cell is placed in the center of a large cell The inner is charged a ith con 
centrated hydrochloric acid, while the foul electrolyte is placed in the outer cell and 
connection is made beta een the two solutions by a scries of abort glass siphons rest 
ing on the edge of the inner cell The air is exhausted from thc'ie siphons, and the 
solutions enter, thus permitting a flow of current through the electrolyte Anod« 
of fine gold are suspended in the umer cell and gold strips in the outer cell Under 
current action, gold chloride is formed jn the inner compartment and the gold m the 
spent electrolyte is deposited on the cathodes By regulation of the voltage, prac 
tically all the gold in the foul electrolyte may be plated out and the gold bo obtainetl 
forma parts of the regular production of the cells One or two of these plating cells 
will handle all the foul electrolyte from 48 of the small refinmg cells and at the same 
time add considcrablj to the slock of Htxong gold chloride 

As the government has no interest charges to consider on metal held m process 
the noble metals are used for conductors, and the problem of securing good electrical 
contacts is m a measure eliminated 

A flow sheet (Diagram 2) shows the procedure in gold refining operations 

Ail the foul solution from which the silver and gold have been recovered is upmped 
into Urge wooden tanks containing map non, in which the copper is recovered as 
cement copper, and any gold, silver, or platinum metals that have escaped the pre- 
vious operations ere rcco^ ered To recover thev alues in this cement copper, a smah 
electrolytic copper plant is operated, produ«ng pure copper and a sludge contftimnK 
the precious metals This sludge js a veritable dragnet of impurities, conlammg 
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besides Au, Ag, and Pt, the base metals Cu, As, Sb, Pb, Bi, etc. This is usually 
handled in small amounts in silver-anode melts and the precious metals recovered from 
the regular process. 

Platinum Metals Recovery. — The procedure for the recovery of the platinum 
metals in the government refineries is as follows: 

The foul electrolyte from the gold-refining cells is allowed to cool, thereby per- 
mitting the salts of silver and lead to settle. The clear solution is siphoned off, 
ammonium chloride is added with thorough stirring, and the yellow ammonium 
chloroplatinate is precipitated. After the platinum salt has settled, the solution is 
transferred to a stoneware tank for the recovery of palladium. 

This solution is electrolyzed, using an insoluble carbon anode and a refined gold 
sheet as the cathode. Under current action, chlorine is evolved at the anode and a 
flesh-colored salt of palladium is formed which settles to the bottom of the cell while 
the gold is deposited in a pure state at the cathode. The current during this operation 
is gradually reduced ns the gold in solution becomes depleted in order to keep the gold 
deposit hard and prevent contamination of the palladium salt. The range of current 
density is 20 amp. to 2 amp. per sq. ft. of cathode surface. The electrodes are spaced 
2H to 4 in. apart. The deposited gold is added to the gold-cell production, while the 
gold remaining in the electrolyte is recovered by cementation on copper slabs. The 
remaining solution finds its way to wooden tanks W'here copper and traces of 
the precious metals are recovered by cementation on scrap iron. 

The platinum and palladium salts are washed with a cold saturated solution of 
ammonium chloride and dried. The palladium is very soluble, and great care should 
be exercised in the washing; the ammonium chloride should be freshly chlorinated, 
and only the bulk of the gold and copper chloride should be removed. 

Iridium is recovered from the iron skimmed from certain melts. These skimmings 
arc granulated and dissolved in hydrochloric acid to remove the iron. Further treat- 
ment of the residues is necessary depending on the metals present before using the 
usual peroxide fusion for recovery of the iridium. Crystals of osmiridium may be 
recovered directly in the gold-refining cells. 

Platinum Metals Refining. — Practically all the refining and melting of the platinum 
metals is performed at the United States Assay Office in New York. 

The usual procedure in refining crude platinum sponge is to redissolve in aqua 
regia, evaporate the solution to dryness to expel the nitric acid, dissolve the residue 
in water, and rcprecipitate the platinum with ammonium chloride. In large-scale 
operations, this is a long and tedious process, so the government refineries have 
developed an electrol 3 ff.ic method to effect a solution of the crude sponge. 

The crude sponge is placed in perforated stoneware cells or baskets that are sus- 
pended from the electrode support in an electrolyte of hj^drochloric acid, contact 
being made by a hcavi" platinum strip fastened to the bus bar and penetrating the 
sponge. The cathodes are thin platinum sheets suspended from heavy platinum-wire 
conductors in porous cells of the same size and shape as the perforated anode basket. 
The elcctrolj'tic action dissolves the sponge at the anode, while the porous cup prevents 
the deposition of the dissolved platinum at the cathode. An alternate scheme, which 
also gives eatisfactorj' results, is one in which a platinum sheet is placed on the bottom 
of the electrolytic cell, the crude sponge is placed on this sheet as the anode, and the 
porous cups in which are the platinum strips arc placed at the ends of the cell. Air 
is used for agitation of the electrolj'tc. Tliis solution from the crude sponge is 
evaporated on steam coils to remove excess acid, and filtered and ferrous sulphate is 
added to remove the gold. Tlie solution is carefullj’^ filtered again and the platinum 
again precipitated with ammonium chloride. Tin's precipitate should be freed from 
the filtrate ns soon as possible and washed until free of iron. The platinum salt is 
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dncd and ledaced to sponge by gentle beating in a clay crucible The refining la 
i !»med on in batches of 1000 to 2000 troy oa , and the crude sponge can be raised from 
80 per cent to per cent m one treatment as outlined 

The crude red salt of palladium, after xeasbing, is treated with ammonium hydro\ 
ide until no more is dissolved, and after filtering, theyellon dichlorodiamme palladium 
IS precipitated bj cautiously adding bydrochlonc acid until no more of tlie jelloii 
salt forms During this prccipitalton, great care must be exercised to prevent over 
heating, and an excess of acid should be avoided This yellow salt is drained, n ashed 
and rcdissolved n ith ammonium hydroxide and agam precipitated n ith hydrochloric 
acid It 13 then carefully washed on a filter, dried, and sponged m clay crucibles 
ITiis sponge is ground and reduced by eoakmg m alcohol and brmgmg to a red Iicat 
in a carbon or graphite crucible fitted with a tight cover This spongemust be allowed 
to cool in the crucible Palladium haiang a punty of 90 to 99 75 per cent results 
An Aja\ Northrop induction furnace is used m the mcltmg of the platinum and 
pnlladiUTn epongc, using a specially designed siieonium-oxide crucible Due to the 
high temperature and the thorough mixing action afforded by the induction furnace, 
the metal is considerably better for apummg than when melted by the torch method 
/Vn excellent treatise on the purification of the platinum metals is furnished by 
tdward ^ ichers, Raleigh Gdchnst, and William Swanger * Further notes on the 
treatment of the platinum metals will be found in the last chapter, Mmor and Rare 
Metals 

iAIUME BUI Nc 87. M»reh 1928 



CHAPTER XI 

HYDROMETALLURGY OF GOLD AND SILVERS 

Occurrence of Gold. — Native gold is invariably alloyed with more or less silver, 
!)vit it is exceptional to find any other metal in the alloy. It is found in veins associated 
with quartz and various sulphides — notably pyrite, pyrrhotite, galena, chalcopyrite, 
arsenopyrite, less commonly blende; sometimes with carbonates, especially ankerite; 
and small proportions of tellurides of lead and bismuth. Sometimes the metal is 
finely disseminated through such sulphides, sometimes deposited on the smface of the 
mineral particles in fairly large grains. One particular sulphide, e.g., chalcopyrite, 
may monopolize the gold. In the oxidized portions of veins the gold is often associated 
with limonite, and gold-bearing quartz often contains small proportions of copper 
carbonates and manganese oxides. Electrum, containing 35 per cent or more silver, 
is found only in the vicinity of silver mines. When gold is found apparently dis- 
seminated in igneous or metamorphic rocks, minute veinlets of quartz or carbonate 
usually accompany it. 

Gold telluride, usually containing silver and sometimes mercury telluride, occurs 
in veins of quartz and carbonate; when oxidized, the resulting native gold is often 
extrcmelj' pure and finely divided and may be coated with tellurous oxide (mustard 
gold). 

The gold of placers or creek and river gravels is found occasionally in nuggets of 
large size, but more commonly in small grains, often water-worn; in some deposits a 
considerable proportion of the grains pass a 200-mesh sieve. The silver content aver- 
ages lc.ss than in vein gold, and it is, as a rule, easy to amalgamate. That from 
buried river gravels is similar, but often coated wdth oxide or sulphide of iron. The 
gold of sea beaches is usually finely dmded or in thin scales. 

For metallurgical purposes gold has been roughly classified as “free” or amal- 
gamable and “refractory”; “float gold” is fine and in a condition making it easily 
floatable on water — the telluride is also easily floated — “rusty gold” is coated with 
some mineral that retards amalgamation (usually oxide of iron, manganese, or tel- 
lurium); “encased gold” is completely enveloped in grains of quartz or other mineral 
and requires finer crushing to liberate it. 

Among the minerals sometimes mistaken for gold may be mentioned pyrite and 
marensite, and especially chalcopjTite. Grains of the latter, in polished faces of ore, 
often closely resemble gold in color and luster. Thin flakes of biotite and other micas, 
especially when partly oxidized, and other micaceous minerals, such as hematite and 
limonite, maj' also imitate it closely. 

In panning or concentrating, many people have been misled by heavj' lead minerals 
of a yellow color, such as the molybdate, chromate, tungstate, and even the phosphate, 
but these are distinguishable under a lens or low-power microscope by their brittleness 
and transparency. Some of the numerous basic sulphates of iron are at times difficult 
to distinguish from gold when exposed on freshly fractured vein stuff. Particles of 
natural or artificial litharge, brass, or “spelter solder,” and even superficially oxidized 
lead alloys, .sometimes bear an astonishing resemblance to gold. These, and specks 
of native copper or copper from blasting caps, may find their way into mine samples 
or drillings and be found in panning. 

' A rCM^ion by the editor, in 19t4, of the chapter contributed to the first edition by W. J. Sharwood. 

2S9 
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On the other hand, mustard gold, resulting from oxidation of telluride, may have a 
distmctly earthy luster, and gold of low fineness may be easily ov erlooked 

Native silver and the chloride characteme the oxidized zone of moat deposits 
Native silver, usually nearly pure, occurs m very fine particles, threads, etc , and some- 
tunes m masses which may reach several thousand pounds weight In the Michigan 
copper mines, pure silver and pure copper occur attached and intergrown Some 
native silver contains a little mercury Coarse lumps are best hand picked, but the 
smaller are concentrated, or amalgamated, and the fines cyantded 

The chloride (AgCl) la readily reduced to metol by contact with metallic Pe, Zn, 
Al, or even Cu in contact with an e)ectrol 3 rte, and is then easily amalgamated by mer- 
cury Alkaline cyanide, or thiosulphate solution, dissolves it readilj, and also silver 
bromide and iodide, which often accompany it, strong eolutions of chlorides have less 
solvent action 

The sulphide (AgiS) dissohes in strong cyanide solution, but not in chlorides or 
thiosulphates It la slowly amalgamated by mercury when in contact with an elec- 
trolyte, and the action is facilitated by thiosulphates and copper salts, especially 
in the presence of metallic iron, etc When roasted it yields AgiSO^, which is some- 
what soluble in water 

The numerous complex sulphur arsenic and sulphur-antimony compounds of 
silver are not so readily amalgamated unless roasted, they are decomposed by grinding 
with metallic alumuiutn and sodium hydroxide or carbonate 

Galena often contains silver m the form of sulphide, and the selemde (AgiSe) 
and occasionally the telluride (Ag«Te) occur in small amounts in some gold and silver 
ores, and apparently in some copper deposits 

Gold and Silver Alloys — Pure gold is distmctly softer than sdver, either is bard 
ened by the addition of a small proportion of the other, or of copper or other base 
metal In gold*silver alloys the maximuca hardness occurs with about one*third 
silver Small additions of silver reduce the gold color materially, but affect the melt- 
ing point very little up to about one-third silver Electruni is gold, especially the 
native metal containing 15 to 45 per cent silver, rendering it pale Green gold is a 
similar alloy containing about 10 per cent silver Hie red gold alloys contam copper 
Jewelers’ gold usually ranges from 18 (Au 750) to 10 k (Au 416) and frequently 
contains both copper and silver as alloy The lower grades often contain some zinc, 
which helps to counteract the redness due to copper They are sometimes made by 
allojung brass with gold but extreme care is necessary to avoid certain impurities in 
the brass or copper used, especially lead or arsenic, which cause brittleness British 
gold com IS 22 k (Au 916 6), but alloys as low as 9 k (Au 375) are recognized and 
hallmarked in England 

The proportions of copper and silver are determmed by the color of the gold desired 
Thus in 18-carat gold, 10>i per cent Ag and 14>^ per cent Cu gives a dark tone, while 
U}4 per cent Ag and lOH per cent Cu gives a light tone to th® alloy The composi 
tions in the tables on page 291 arc approximately correct 

IVhi te gold la properly an alloy of gold with pidladium , if legitunately stamped 18 k , 
it will contam 18 parts gold (Au 750) and the remaining 6 parts are paUadiurn, with 
usually a little silver This alloy has a pure-white color and a high melting pomt 
Palau and rhotamum are similar A cheap imitation i 3 produced by meltmg gold 
with a nickel alloy Hie mixture sold for producing “white gold” by adding it to fine 
gold IS Cu, 55 per cent , Zn, 21 pet cent, and Ni, 24 per pent A similar mixture for 
producing “green gold’’ is merely brass Cu, 67 per cent, and Zn, 33 per cent 

For soldering gold there are many recipes, the aim being to produce an alloy con 
siderably more fusible than that of which the <*ject is made, but not differing much 
m color Many of these aoldermg alloys contam a considerable proportion of zme 
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with copper, silver, and gold; vdth copper, a considerable percentage of zinc does 
not cause brittleness, though the alloys are often extremely hard and difficult to 
roll. In recent formulas, cadmium is substituted for zinc. Such solders lose zinc (or 
cadmium) by volatilization when heated, becoming gradually less fusible. 


Carat 

Fineness 

Per cent 

i 

Au 

Ag 

Cu 

24 

1000 

100 




22 

916 

91.06 

4.16 

4.16 

English standard 


900 

90 

5 

5 

Metric standard 

20 

833 

83.3 

8.3 

8.3 


18 

750 

75 

10.4 

14.6 

Dark 

18 

750 

75 

14.6 

10.4 

Light 

14 

583 

58.3 

25.0 

16.6 


14 

583 

58.33 

4.16 

37.5 


10 

416 

41.6 

16.6 

41.6 




62.5 

22.5 

13.0 

Solder 



54.5 

31.75 

13.75 

Solder 


The silver alloys arc used for coinage, plate, solders, etc. 



Per cent 


I 

' Ag 

Cu. 

Zn 

Sterling silver 

Tlupco silver 

Standard silver 

Solder: 

Hard 

Medium 

Pure silver 

Plate 

Chain 

Quick 

Bureau of Standards . 

92.5 

91.6 

90.0 

50.0 
75 

72 

64.5 

62.5 
57 

40 

7.5 

8.3 

10.0 

13.2 

20 

28 

22.5 
31.25 

27.5 
14 

6.8 

5.0 

13.0 

6.25 

11,5 

6 

Melting point 778°C. 

Sn 4 per cent. For resoldcring 

Sn 40 per cent. Melting point 400°C. 


Aluminum forms a number of alloys with gold; one of these (AuAlj, 22 per cent Al) 
has a remarkable purple color. The' so-called aluminum gold is an alloy of copper 
with about 25 per cent Al, very slightly attacked by nitric acid, and closely resembling 
gold in color, but of low specific gravit 3 % 

Pure silver when melted absorbs o.vj-gcn from the air (up to twentj’-two times 
it own volume) unless air is displaced by some other gas or the fused metal covered 
with borax, salt, or charcoal. On cooling to near solidification this o.xj'gen is given off 
suddenly, the surface of metal sprouting or spitting. Small proportions of foreign 
metals usually prevent this. The oxygen is probably retained b\' fused metal as a 
suboxidc, like that held by copper after solidification. Gold does not absorb oxj'gen. 

Mrlien gold or silver containing a small percentage of lead is heated, or is kept 
just below solidifying point, a eutectic rich in lead exudes or liquates out; this often 
oxidizes, producing a peculiar "vegetation" on the surface. This is due to formation 
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of PbO mixed with minute globules of gold (or silver) In extreme cases the entire 
alloy may form a soft cauliflower like mass 

The small proportion of silver alloyed •with native gold and mill bullion 13 of some 
economic importance, usually more than coveting cost of marketing refined bars 
Assummg silver at 50 cents per oa , the per cent of gross value due to silver is as 
follows 


Ratio * j 

Percentage, 
silver value 

Gold 

Sliver 

900 

100 ^ 

0 ID 

800 

200 1 

0 32 

700 

300 1 

0 60 

600 

400 1 

0 95 

500 

»o 1 

1 43 


With silver at $1 per oa , these figures would be nearly doubled, and for other 
values nearly proportional 

A minute proportion of lead— less than 1 part in 1000— makes gold brittle, esp^ 
daily when hot This seems to be due to a highly fusible eutectic, which can be seen 
between the crystals of pure metal in a polished and etched section Similar effects 
are produced by Bj, Te, Sn, Sb, As while Zn and Cd in fair proportions yield less 
brittle alloys Annealing removes brittleness due to traces of Pb, not that due to 
Bi or Te Silver is similarlj affected by most of these elements 

Tellurium renders gold extremely fusible, on heating in air the tellurium is slowly 
volatilised or oxidized, leaving bnght globules of gold still retaining some tellurium 
Gold combines or alloys readily with tellurium, and with fusible metals generally, 
forming fusible alloys, it is not attacked by the vapor of selenium or sulphur Silver 
13 at once attacked when heated m the vapor of S, Se, or Te, formmg AgsS, AgsSe, 
or AgjTc, like gold it alloys readily with fusible metals 

Gold lemsts all single ands, but is readily attacked by aqua regia, thexnostefiectne 
proportions are 1 part nitric to about 4 parts strong hydrochloric acid, anj mix 
ture of hydrochloric acid with a nitrate, rutric acid with a soluble chloride, or sulphuric 
acid With a nitrate and a chloride aumlarly attack it It 13 very slowly acted upon, by 
hot solution of ferric chloride Moist chlorine gas converts gold into AuCli Silver 
combines superficially with C3, the AgCl then protecting the metal unless removed 
by some solvent For this reason Au AgaHoja ace not dissolved completely by aqua 
regia unless the AgCl is removed from time to time from the surface by scouring or by 
some solvent, such as ammonia, cyanide, or hyposulphite 

Gold chloride solutions (AuCl^ HAuCU, NaAuC3«, and other chJoraurates) are 
reduced to metal if evaporated and gently heated, and are also reduced to metal by 
nearly all reducing agents such as base metals generally, SO* and salts of Fe' andSn'. 
Sdver 13 readily dissolved by mtrtc or hot sulphunc acid, NO or SO* being evolved, 
but resists most others Silver nitrate, sulphate, and chloride are not readily decom- 
posed but may be heated without decomposition, they are easily reduced to metal by 
contact with base metals, Zn, Fe, Cu, etc 

Paitiag — ^The cupellation of lead removes it as oxide, together with other base 
metals, leaving gold and silver Silvcr-bearmglead maybe enriched by the Pattinson 
process, m which erj stals of pure lead are removed, leaving the more fusible eutectic, 
the process being earned on in stages and the enriched lead finally cupeled Silver 
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and gold may be more readily removed from lead by the Parkes process, in which a 
small percentage of zinc is added which, on cooling, crystallizes and rises (zinc being 
insoluble in solid lead), carrying up the precious metals as a crust, which is removed 
and refined.^ 

Gold and silver are separated or parted by means of nitric acid, NO being given off 
and AgNOj formed. This requires the ratio Ag : Au to be at least 2:1, though 3 : 1 was 
formerly preferred. Hot sulphuric acid also dissolves silver away from gold if the 
proportion of silver is large enough, SOa being evolved. Gold containing relatively 
little silver must have silver (or in some cases base metal may be used) added to 
reduce the gold to such a proportion that it will not protect the silver from attack. 

It is preferable to use the Wohlwill process, electrolyzing the gold in a solution of 
HAuCU + HCl, with gold cathodes, an alternating current being sometimes super- 
posed upon the high-densitj’' direct current used. Silver remains insoluble as AgCl. 

Silver containing but little gold is electrolyzed in a slightly acid solution of silver 
nitrate, with a silver or carbon cathode, leaving gold insoluble; this is used in the 
Moebius and Balbach-Thum processes. 

The following tabulated data are of value in connection with the refining oi gold 
and silver: 



Gold 

1 

Silver 

Copper 

Melting point, degrees centigrade 

1063 

961 

1 

1083 

Specific gravity 

19.3 

10.5 

8.95 

Specific volume (cubic centimeters per gram) 

Cubic inches for 1,000 troy oz. = l,89S/sp. gr. . . 
Cubic inches for 100 Ib. avoir, = 2,770/sp. gr, . . 

0.0518 

98.3 

143.5 

0.0952 

180.8 

263.8 

0.1117 

212 

309.5 


In' an alloy containing G per cent gold, C per cent Cu, and S per cent Ag, the 
specific gravity is very closely 

100 

0.0518G + 0.0952S + 0.1117C 

Cementation is an ancient method of freeing gold from silver and base metals. 
Tlio metal was first granulated by pouring into water, or beaten into thin plates. It 
was then placed in crucibles with a large proportion of aluminous earth and heated; 
silver, etc., was slowly o.vidized (or possibly converted into sulphate or sulphide) and 
absorbed. Most recipes, however, include common salt and burned clay or powdered 
brick, tile, etc. inien heated in contact with these, silver chloride is formed, fused, 
and absorbed. Gold treated several times in this way (“seven times tried in the fire' ■ 
was rendered nearly pure. 

Sulphur or pyrite was also used; heated in sulphur vapor, most of the silver and 
copper form Ag:5 and CujS, which can be mechanically removed. 

In Guss and Fhiss parting, an alloy, containing at least 50 per cent gold, was heated 
in a crucible with 3 parts antimony sulphide, and poured into a mold; the gold, alloyed 
with antimony, etc., is found at the bottom and easily separated from the layer of 
“plachmal” above it. Thb gold alloy was then fused n-ith 2 parts antimony sul- 
phide, and the product again with 1 part. Tlic process was repeated if necessary until 

‘ Sm jip. 201 to 20S. 
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enough silver had been removed, vrhen the gold iras finally melted with borax and the 
alloj ed antimony oxidized by a blast of air 

In the sulphur-litharge process (P/anneiudimted} a granulated alloj , rich m silver, 
a as heated with sulphur, yielding AgtS, in which gold is disseminated To collect 
the gold, a small percentage of litharge mas added, yielding a fusible lead-silver 
alloy, which carried down most of the gold, a second or third treatment removed prac 
ticallj all the gold Metallic iron waa aometunes used mstead of litharge to reduce a 
portion of the silver and collect the gold Reduction of the remaining sulphide yielded 
a fairly pure silver 

Gold bullion, rendered bnttle by Te, Bi, Pb etc , may be softened by throwing 
a little HgCli on the fused metal, also bj adding sohd AgCl or AgjSOi, by stirring 
with Cl gas or an air blast, stirring with NaHSOi, NaNOj, or MnO* is also effective 
More or less silver may be removed by these methods, especially by Cl or 
NaHSOi 

Recovery of Gold and Silver — All gold and sdver ores yield a high percentage 
of their precious metal when Bmelled with lead or copper ores, and an almost com 
plctc saving of them is effected in refinmg the lead and copper recovered A large 
proportion of the silver of the world, and a considerable amount of the gold, is thus 
obtained as a virtual bj product from the smelting and refining of lead and copper 
ores, includmg some zinc-lead and zmc-copper ore Some of this precious metal 
comes from concentrate, some from siliceous ore used as fiox, comparatively little 
true gold or silver ore is directly sold for smelting Smelting charges and deductions 
on the full weight of ore, with the cost of freight and loading often mahe it advisable 
to adopt some method that may be far inferior metallurgically, as regards percentage 
recovery, but that puts the precious metal m a form in which it is more readily salable, 
such as bullion or rich precipitate 

Outside of smelting and refining the present-day metallurgy of gold and silver may 
be summarized under three heads mechanical methods (concentration, dotation, and 
blanketing, etc ), amalgamation, and the cyanide process Chlorination of gold and 
hyposulphite leachmg of silver ores were practically superseded by cyaniding by the 
j car 1900, chloride volatilization and other promising processes have not yet assumed 
commercial importance The products of concentration and flotation may be either 
smelted with lead or copper ore or may themselves be treated by amalgamation or 
cyanidation Each of the latter processes consists of five essential steps 

Amalgamation 

Comminution of ore 

Bringmg ore in contact with mercury (and with chemicals m the case ol 
silver minerals) 

Separating ama'ignm 

Retorting amalgam to remove and rccovct mercury 
Melting and refinmg the crude bullion from the retort 
Cljanidation 

Comminution of ore (often combined with auxiliary processes of amalgamation, 
concentration, or classifiealion neutralization, or w ashing out soluble salts) 
Dissolving gold and silver 

Separation of solution from ore, and wsshmg residue 
Precipitating gold and silver from solution 
Refinmg precipitate and melting bullron 

TJic treatment of placer deposits is a special case of concentration, often combined 
with amalgamation 
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Pebcentages Pboducbd bt Different Processes in the United States 
{Mineral Resources, U. S. Bureau of Mines Yearbook, 1940.) 



Gold 

Silver 

1936 

1937 

1938 

1939 


1936 

1937 

1938 

1939 

1940 

Placers, mainly dredging 

23.9 

24.6 

27.9 

28.6 


H 



n 


Amalgamation 

27.1 

25.3 

23.1 


19,7 

IB 

0.5 

0.4 



Cyanidation 

18 8 

19.3 

22.6 

22.3 

21.4 

4.1 

4.3 

7.0 

7.1 

7.5 

Smelting ore and concentrate 



26.4 

28.6 

27.9 


95.0 

92.4 

92.2 

91.9 


In South Africa about 65 per cent of the rccoverj' is by amalgamation, 35 per cent by cyanida- 
tion; on the Mysore Field, India, nearlj' 90 per cent by amalgamation. 


Percentages by Weight from Various Sources in the United States 



Placers 

Dry or 
sili- 
ceous 

ores 

Cop- 

per 

ores 

Lead 

ores 

Zinc 

ores 

Copper- 
lead and 
copper- 
zinc ore 

Lead- 

zinc 

ores 

Total 

ounces 

Gold. 

1906.... 

28.24 

63.17 

5 77 

1.29 

0.02 

1.26 

0.25 

4,703,000 

1907.... 

28.22 

62.11 

6.44 

2.50 

0.14 


0.48 

4,227,500 

1914.... 

25 30 

66.56 

6.00 

1.69 

0.04 

■SB 

0.40 

4,418,000 

1915.... 

22.66 

67.57 

7.22 

1.78 

0.10 



4,754,500 

1920.... 

25.3 

63.93 

7.18 

1.96 

0.15 

0.16 

1.32 

2,383,000 

1921.... 

28.89 

66.02 

2.25 

2.64 

0.003 


0.19 

2,345,000 


31.0 

55.5 

11.2 

0.36 

0.003 

2. 

00 

4,869,949 

Silver: 

1906.... 

0.30 

29.27 

27.69 

26.72 

0.17 

11.88 

3.97 

57,362,450 

1007.... 

0.24 

36.27 



0.18 

0.93 

2.81 

52,497,060 

1914.... 

0.22 

39.95 

21.30 

27.72 

0.21 

0.36 

10.24 

69,623,200 

1915.... 

0.21 

35.53 

25.96 

27.40 

1.57 

0.33 

9.00 

72,353,700 

■Esin 

0.13 

36.22 

21.49 

30.19 

2.23 

1.18 

8.56 

56,536,900 


0.18 

51.88 

10,36 

32.30 

0.01 

0.97 

4.30 

46,171,300 

1940.... 

0.28 

40.5 

29.0 

4.4 

0.03 

24.2 



The commercial ratio between the values per ounce of gold and sih'cr was about 
15 to IG from 1800 to 1873; since 1873, the annual average has ranged from 18 to 
nearly 40. One of the largest producers turns out about a ton of silver per day; one 
of the largest gold mines has for years yielded a ton of fine gold per month; the value 
of the silver is much less than that of the gold. 

To generalize roughl}-, a gold deposit, under extremely favorable conditions, may 
bo profitably dredged when containing only 1 part in 10 millions, or 11 cents per ton; 
1 part in a million assures a reasonable profit in a placer. A gold ore containing 10 
parts per million (SU per ton), while of low grade, is assuredly profitable if not too 
small or unfavorably situated; and half or even one-third of this value may be payable 
if very large and othenvise advantageously situated. Silver ores begin to be of com- 
mercial importance when containing about 100 parts per million, or 3 oz. perHon. 
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^Vhen associated with commercial ores of copper and lead, thej' are e'ctractable at 
negligible cost and in such cases smelters usually pay for over 0 025 oz Au or 1 oz Ag 


World pRODtfcno'r of Gold and Silver, 1939 
Reported by U S Bureau of Alinca and Director of the Mint 


Source 

Gold, oz 

1 Silver, Oz 

United States 

5,559,139 

57,808,000 

Canada and Newfoundland 

5,114,692 

24,584 689 

Mexico and Central America 

1,017,623 

80,668,824 

North America 

11,691,454 

163,061,513 

South America 

1,776,661 

31,551,087 

Europe ' 

5,644,143 

21,861,870 

Asia 

2,657,687 

22,386.996 

Africa 

15,510,377 

4,618,209 

Oceania 

2,210,346 

14,621,894 

Total 

Total United States production 1792-1940 

39,489,668 

258,101,269 

262,487,295 

3,650,909,393 


Gold in Sea Water. — Gold and silver have long been known to exist in the waters 
of the ocean, and occasional projects are brought forward to recover the gold The 
statement of Sonstadt that the gold in sea water is “less than 1 gram per ton'* is 
often interpreted as meaning at least 1 gr The actual average is probably less than 
Ho Ifrain or Ho cent per ton, and entirely below the present economic limit for 
extraction. Dven at this low estimate, the aggregate amount m the ocean (esti* 
mating tho ocean at about 320,000,000 cu miles, each of 4,000,000,000 tons of water} 
is enormous 


Metalluroical Systems 

htost of the modern metallurgical schemes for gold and silver ores are covered 
by the foHov. mg outline 

1. Proliininarj breaking by crushers of jaw or gyratory tjpe 

2. Crushing 
Dry: 

By rolls or disks (with or without screens to return oversize) 

Wet: 

Stamps alone 

Stamps Ibftowcdby 

Ball mills or rod! ... 

m.ll. I 

Heavy stamps w ith 1 Chileans, ball nulls, 
coarse screens / or rod nulls 
The rotary mills are generally run in closed circuit with classifiers 
Dry crushing 

Followed by cyaniding (with or without preliminary water or alkaline wash) 
Wet crushing 

In water (with or without amal- Dnuning or) 

gamatioQ or concen- dewateringicjaniding 
tratiow) j 

In cyanide solution with or w ithoiit amalgamation or concentration 


>pel)ble mills 
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With special reagents followed by cyaniding (such reagents as H 2 SO 4 , SO 2 , or 
aeration in presence of lime). 

3. Treatment of crushed product: 

Straight cyanidation (with or without prior amalgamation), and either without 
roasting or after roasting to destroy carbonaceous matter or sulphur compounds. 
Concentration (with oT without amalgamation) by tables, vanners, corduroy 
blankets, canvas, or flotation. 

Concentrate: 

Smelted, or sold to smelter. 

Cyanidcd (intensively), raw or after roasting. 

Amalgamated, then cyanidcd. 

Tailing: 

Discarded, if crushed in water and low grade. 

Cyanided. 

In case of cimnidation of original product or of tailing there is: 

Classification into sand and slime (with or without partial regriuding). 

Sand: 

Leached with cyanide solution. 

Slime: 

Discarded, if crushed in water and low grade. 

Cyanidcd, by agitation or in filter press. 

All-sliming: 

Cyanided, by agitation or in filter press. 

4. Separation of cyanide solution from ore or tailing: 

Filtration: 

Gravity (sometimes aided by vacuum) for coarser leached products. 

Vacuum or pressure (in basket filters for fine products, intermittent). 

Vacuum with rotary filters (continuous) sometimes in series. 

Pressure in filter presses (intermittent). 

Decantation; 

Intermittent, after settling. 

Continuous, with intermittent or continuous final filtration. 

Continuous countercurrent, with tluckeners in series, with or without final 
filtration. ■» 

5. Precipitation of gold and silver from cyanide solution (preferably deaerated by 
vacuum treatment, and clarified if nccessarj’’) : 

Zinc shaving in boxes wth compartments for upward flow. 

Zinc dust in filter presses. 

Aluminum dust in filter presses. 

6 . Refining precipitate; 

Preliminary acid treatment for removal of zinc, etc. (often omitted), or calcination. 
Direct fusion with fluxes in crucibles or on hearth. 

Lead refining: briquetting or mixing with a litharge-borax flux, fusing on rever- 
beratory hearth or in blast furnace, followed by cupellation of rich-lead bullion. 
Treatment of by-products usually necessary. 

Generally, removal of free gold at an early stage of treatment tends to minimize 
the dissolved gold discharged with residue or tailing. On the other hand, in "all- 
sliming” tlu: cyanide proee.«s is simplified by omitting amalgamation. If co.arse 
gold is not amalgamated, it must be removed by mechanical methods or ground sufli- 
eicntly fine to ensure rapid dissolution. Some Canadian plants are giving a bulk 
flotation to the cvanldc tailings in. a circuit TcndcTe<t somewbat acid with SO 2 . The 
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concentrate is roasted to produce further SO», and then cjamded The process js 
said to jneld a profit on a 30 cent tailing * 

MECHf^mCAL TREATMENT* 

Mechanical Separabos 

Alluvial Concentration — In handbng alluvial material the mam problem is to 
get nd, at the first opportunity, of most of the boulders and coarse gravel, vnthout 
losing any of the gold origmall 3 adhering to them and to disintegrate rapidlj and 
completelj anj lumps of sticky claj that nould carry fine gold further donm the 
sluices or even into the tailing It is not gcnerelly desirable to crush anj of the 
pebbles 

In by draulic n ork the coarse gravel running down the sluices docs much of the work 
of disintegration and the coarser portion is removed when desired by means of "under 
currcnt8’'orgri*sIieaof steep grade, which allow thefinermatenal to pass through and 
conduct It to boxes or tables where conditions are more favorable for settling After 
passing over the gnarly the coarse gravel may be discarded or returned to the mam 
stream 

A revolving trommel with lifters, and furnished with ample water sprats, u an 
ideal dcnce for performing these operations on a large scale, and u now standard 
practice for dredges, the pebbles acting as disintegrators By graduating the diame- 
ters of the holes to suit the material handled, a comparatively uniform discharge say 
be obtained throughout the length of a trommel, but by far the largest psrt of the goul 
passes the holes near the mlet cod Shaking screens have been used but consume 
too much power One of the older "cement mills’' for hard gravel was virtually a 
large trommel built of railroad or Tiron Another cement gravel mill is & pan with a 
stout tcrtieal shaft carrying agitating arms, and fed with water, accumulated coarse 
rock, being discharged at intervals by opening a door in the side or bottom 

In small operations, the same results are achieved by using a rocker with punched 
screen, fed a few pounds at a time, or by sbovehog into a sluice box, at the head of 
which IS a screen or set of bars over which the material maj be manipulated by a sluice 
fork or shovel 

The length of wooden sluice boxes is standardized at 12 ft , and a grade of 6 in 
means G-in per box, or about 4 per cent, the width varying with the load For small 
scmiportable boxes, the upper end of the bottom is sawed 2 or 3 in wider than the 
lower end, bo that they fit closely one m the other 

In large hj draulic w ork boulders of several tons weight may enter the sluices and 
must either be carried through or blasted or lifted out, such sluices require stout 
linings of wood or steel 

"Various types of iifQe matenal have been used cross-grain pine blocks, lOURtilj 
squared, or flat-lying blocks up to 4 X C in , either form being separated bj small 
strips of wood or bits of rock, boulders or roughly squared rocks peeled pine pole* 
planks mortised or bored, or iron blocks cast with channels or pockets, and railroad 
steel 

llunganan nfiles are strips of w ood from about 1 to I 5 in square up to 2 X 4 m 
laid crosswise with about equal spacing, they arc often undercut on the downstream 
side, and have tops sloping upward When aubject to heavy wear, they are covered 
with strips of iron or steel, manganese steel being most durable 13} attaching them 
to longitudinal strips they form frames readily removed A similar riffle for dre<lg« 
IS built of IK* or IK m angle steel riveted to 6-fl strips of the same material, the 

■ . Fcbniary IBil p 73 
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angles arc opened about 10 or 15 deg. above a right angle and point downstream. 
Another effective sluice lining is coconut matting covered with expanded metal (steel 
lath). 

A special study of riffles for heavy work was made by P. Bouery at La Grange, who 
successfully used 40-lb. steel rails on 5-in. centers, resting on 2 X 6 in. pine strips set 
edgewise wdth spacers. He recommends invariably placing riffles crosswise A 
riffle of manganese steel designed by Bouery for severe hydraubo work consists of 
riffle proper, spacers, and lockers; when worn, these can be used as liners. 








Fia. 3. — Bouery patent manganese steel Fig. 4. — Railroad rail rime with manganese 
riffle. protecting rails, at La Grange. 

In cleaning up a sluice, clear water is run for some time; then, beginning at the 
head, the riffles are removed section by section, the dirt washed off, and the deposited 
gold washed down to the next section, where it can be scooped up into buckets. It is 
then taken to a point where it can be panned or treated in a rocker or special sluice 
to concentrate the gold fiurthcr, and separate it from the accompanying black sand. 


Disthibutiox or Gold ix Selected Sluices at La Grange (P. Bouery) 
(Boxes 1 to 4 were filled 'with pebbles, etc.) 


Box 1 
number +1 


45. S 
IS.O 
1.73 
O.IS 
O.OIS 
0 



50.7 

83.3 

20.22 

2.18 

0.12 

0.053 


Ounces of gold 




-fl50 

mesh 

-1-200 
mesh 1 

i 

-200 

mesh 

0.36 

0.31 

1.45 

1.00 

0.31 

0.83 

0.70 

0.25 

0.62 

0.12 

0.05 

0.16 

O.OOS 

0.020 

0.005 

0.043 

0.011 

0.01 


Total 
ounces 
per 12-ft. 
box 


100 

43-108 

26.2 

4.15 

0.G5 

0.14 
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Dredges — ^The dredges now m general nac have close-connected buckets o{ 
5 to 15 cu ft capacity and are built of steel or wood, digging to a depth of over 80 ft 
below the surface of the pond or stream in which they float 

The buckets discharge into a long revolving screen or trommel running at a grade 
of 5 to 10 per cent toward the stern, where the coarse material passes to the stacker, 
while the finer portion, goes to the gold saving sluices and may then be run out directly 
or may go to a second stacker The land is usually left in a valueless condition, but 
resoiling is possible by the use of multiple stackers 

The screen may be cylindrical or stepped in diameter, it should have a baffle at 
the end of each section and must be well braced In a large dredge it may be 10 ft 
in diameter b} 50 ft or more, with a peripheral speed of 150 ft per mm The perfora- 
tions should be adapted to the material handled, one example has openings in 
at the upper end mcreaaing to % in at the discharge, another ^ m increasing to 
IK iri The stacker belt may be up to 4 It wide, of cight-ply rubber, and will nor- 
mally last a year or more An internal spray pipe runs the full length of the screen, 
and two or more smaller ones outside, these must have an ample supply of water to 
wash the gravel and carry the fines over the sluices 

The sluices may be m one series or in two decks 4 or 5 ft apart They are usual!) 
about 30 in wide, running ctoasmse of the deck at a slope of IK to IK m per ft 
(10 or 12 per cent) and then turning aft Much the largest portion of the gold is 
caught in the first few feet of sluices, Jaoin meoLona a 5-ft dredge with 1457 sq ft 
of sluice area, catching 89 per cent of the total recover) m 292 sq ft , or one-filth of 
the total area For more clayey material the area was increased to 3900 sq ft One 
15-ft dredge had 8000 sq ft of sluices in two decks, in another case 4500 sq ft in 
♦wo decks was found needlessly large for a 15-ft dredge digging 600 cu yd per hr 
The head tables are usually kept covered with heavy screen to prevent theft 

A considerable saving is made on the save all, a small sluice catching the dcip 
from the descending buckets and discharging through the hull, and m the nugget 
catcher — a short, steep series of riffles over which the fines from the extreme end 
of the screen pass 

In some cases, as on the kukon, no mercury is used, and the first section of each 
sluice 19 covered with coconut matting and expanded metal The matting is taken up 
daily, folded, and washed, and the washings are passed over a special set of riffles 
ITie product is cleaned by pannmg and finally by dry blowing, while the tailing goes 
back to the mam riffle system The riffles in the lower sections of the duites am 
cleaned up at intervals of a week or two 

In California, mercury is more generally used, up to 3000 lb weekly on the larger 
dredges and up to 1000 on the smaller The loss of mercury in a 6-month campaign 
may range between 1 and 5 per cent of the total used tVben cleanmg up at intervals 
oi a wee's or two, t'ne nffies are ’idtcd out, section "by section, and wss'tied ofi wA'ii i> 
hose, and the dirt concentrated by temporary stops placed m the sluices The con 
centrate thus obtamed is shoveled out and washed in a small sluice box the product 
screened, and the fines run through an amalgam barrel with a little additional mercury 
Sometunes a trough is inserted below a stop to divert the material being washed 
down into a clean up box, about 2 X 3 X 1 ft deep havmg several centerboard mer 
cury riffles, the tailing from which passes throi^h a sluice with expanded metal riffles 
and back to the mam dredge sluices 

In many localities, considerable quaziUties of lead shot, nails, and miscellaneous 
metallic scrap may be separated in Bcreezung the product, and this material may 
retam more or less amalgam and necessitate working over 

The “black sand” obtained as a by-product in cleaning up placer sluices often 
contains platinum metals in small proportions, as well as some gold, much of the gold 
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and platinum may be recovered by treatment with a suitable concentrator. The 
Senn machine has been found well adapted for this pairpose. 

Dry Concentration . — A clean-up of placer material is often finished dry. After 
removing the coarsest portion with a sieve, the remainder is “tossed” or jigged dry 
in a pan or shovel, using a circular motion; the sand thus brought to the surface is then 
blown off. The tailing thus obtained often contains fine or flakj' gold. 

Dry washers or concentrators are used under desert conditions. The success oi 
all these devices depends on the material being perfectly disintegrated and thoroughly 
dry; clay, especially, must be pulverized. Several different principles have been 
applied; 

1. Winnowing, by letting material fall vertically through a horizontal blast of 
air, which is either constant or rapidly pulsating. The wind is often utilized, and the 
gold caught on a sheet of canvas, but some efficient machines, as that of Edison, have 
been devised on this principle. 

2. Passing the material over an inclined table covered with cloth, supported by 
wire screen through which a pulsating blast of air rises; the table may be fixed or 
oscillating, and is provided witli low riffles. 

3. Passing material over a reciprocating table of the Wilfley type, having a tight 
cover near the surface, a blast or numerous parallel blasts of air passing parallel to 
the surface under the cover. 

4. Sized material is allowed to fall on a horizontal rapidly rotating disk (as in 
the Papo-Henneberg system), the particles being thrown to distances varying with 
their specific gravity. 

Black Sand. — The treatment of the black sand or concentrate obtained from beach 
or alluvial deposits is usually crude and unsatisfactory. This material actually 
varies much in color; it often consists largely of magnetite and ilmenite, with other 
hcavj' minerals such as garnet, tinstone, columbite, or tantalite, and occasionally 
metals of the platinum group. The gold is retained by, but rarely contained in, the 
sand particles. The black sand separated by “blowing” at the final stages of a 
clean-up may show gold values up to SI per pound. 

Magnetic concentration is rarely of use, as much of the fine precious metal may 
be picked up mechanically with the magnetic concentrate, while in some cases some 
of the valuable materials are strongly magnetic. In some river gravels, and such 
beach sands as the hTome deposit, preliminary separation by 30- or 40-mesh, or 
finer, screens allows all the gold to pass and retains only pebbles of extremely 
low grade. 

There is no apparent reason why black sand thus concentrated, or recovered from 
sluices, etc., should not bo successfully treated by cyanide solution, after removing 
coarse gold by riffles or amalgamation. Early experiments are said to have failed in 
precipitation by zinc, but Laboratory tests show no cause for difficulty. 

Blanket Concentration. — Woolen blankets have long been used for catching gold 
at Brazilian mines, where mercury is sickened by bismuth and tellurium minerals, 
and they wore introduced into early Californian and Australian mills and have been 
used in mills treating the richer Cripple Creek ore. They are generally laid over- 
lapping on inclined tables, the pulp flowing over them for an hour or several hours, 
when they are folded, replaced by fresh blankets, and the accumulation washed off 
in a tank. 

In 1918, corduroy was used to replace copper plates in the Van Iljm (Rand) 
stamp mill after adoption of coarse crushing (but not in the tube-mill section); the 
concentrate (0.27 lb. per ton milled, containing 2.1 per cent gold) was ground in a 
barrel with mercury, then passing to a mechanical batea. The loss of mercury in the 
barrel was only 0.01 oz. per ton milled. 
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In 1923, F WartenwBiIer announced the total elimination of plate amalgamation 
in two Rand mills, Modderfontein East usu^ five overlapping rows of corduroy strips, 
which caught, respccti\ ely, 80, 11, 4, 3 and 2 per cent of the total catch The area 
of corduroy was 1 26 sq ft per ton milled daily, and this might have been reduced 
nearly 50 per cent without serious detriment The product (1 8 Ib per ton milled) 
was saved by hand washing, but washmg machines might be used, it was treated on a 
Wilfley, and this concentrate amalgamated m a barrel, yielding 94 per cent of its 
gold content, 93 per cent of which was free Corduroy and wool blankets u ere found 
equall} effectiv e, but corduroy gives a less bulky concentrate, and the lock up of gold 
IS very small Canvas gave a atdl emaller bulk, but caught only 75 per cent as much 
gold, riffles nere only 57 per cent as effective * 

Canvas concentration, as practiced m California, is particularly adapted to catch- 
ing extremeli fine free gold, galena, and telluride which occur in unsized pulp, and 
was originally Buggested bj Brazilian practice It has been successful m treating 
tailing that baa passed vanners tic , and still catiics 50 cents to $1 pet ton * 

Heavy canvas is laid on a carefully built wooden floor, usually m strips about 22 m 
wide, occasionally up to 6 ft , withatnpsof pine about I X 3in between for walking 
on They are usually 12 to 16 ft long and inclined 1 to I 5 in per ft , but have been 
made much longer and inclined or m Dressed 1 in lumber is used, free from 
knots, preferably tongue and grooved, laid on inclined joists, and most carefully 
leveled Tivo launders supply pulp and clear water at the bead, one across the fiwt 
carries off tailing, and another beyond it the concentrate After the pulp has run 
about an hour, the feed hole is plugged on two sluicee and the clear water turned on, 
washing the Lght sand from the caotaa into the tailuig launder As soon as the con 
centra to in the first sluice is clean, a board or iron sheet is turned or sbpped tinder the 
lower end of the canvas to convey the stream to the concentrate launder, and the 
concentrate is sluiced down by a small additional stream from a hose with fiat nozzle 
or IS slightly swept down with a broom Two riuices ate thus idle during cleaning 
one sluicing and the next washing The concentrate passes to a senes of settling 
tanks, the last being provided with baffles The product is fine, with httle sulphide, 
often over 90 per cent gangue, usually f30 to $100 gold pet ton, but sometimes much 
richer The use of burlap m the tailings launders of Utah Copper to catch some gold 
minerals has already been commented on — 30,000 sq ft is used for 24,000 tons of 
tailing per day and the burlap is burned monthly 

Important points are perfect adjustment of slope on substantial foundations 
equal distribution of pulp and avoidance of overload and dry spots, ample water 
supply, ample time and space for setthng concentrate Old canvas needs less water 
than new, producing less but richer concentrate it may be turned when one Bide la 
worn smooth, and is at its best when the original fuzz haa just disappeared If a 
plant IS shut down, it is adviaablc to keep the canvas wet or remove it and toll it up 

AMALGAMATION 

Amalgamation — Pure gold foil annealed by gentle heating is instantly amal- 
gamated if brought into contact with clean mercury at room temperature It 
hammered repeatedly, or if previously heated to the point of fusion, it is less easily 
amalgamated, silver and silver gold alloys are also less amalgamable, and it is nreev 
eary to rub or scour copper with sand, or to treat it wnth acid or a cyanide solution 

I Tbe lue of btintietJ cloth snd nSco for (old and other minertU u deticribed in Aznci))* • 
till see eepecially pp 300 Sl7 328. and 331 of Hoover • trsnUation rraeticeatOnueVeUey Cell 
ifcaenhed by J A. rbillipa. Mining and MclaQiirc;r of Gold and Silver 
• See Sroaua, flip Mintngjfur Yote0lti,3B 411 4M July 13 Nov 9 and IS ISOS Patvro'* 
Califonda Gold Mill Praelicea B>tll 6 Catiforaia fitato timeralociat 
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to ensure amalgamation of the surface. Even when amalgamated, the mercury does 
not penetrate copper appreciably; gold is much more readily penetrated, and silver 
slowly. Gold and silver, if covered with a film pf grease, oxide 'of iron, or tellurium,' 
or of a sulphide, no matter how thin, refuse to amalgamate until the film is abraded 
mechanically or removed by a suitable solvent. 

Similarly, coatings of oil or oxide on mercury, and especially the conditions known 
as “flouring” and “sickening,” effectually prevent amalgamation of gold. This 
result may often be obviated by the addition of a little sodium amalgam, or by elec- 
trolysis (making the mercury the cathode), but too large a proportion of sodium may 
result in amalgamating iron and any other base metals in contact with the mercury. 

Flouring may be brought about by agitating mercury with water or ore pulp and 
a trace of oil, or by distilling it from a retort containing a little grease or paper; in 
extreme cases it forms a mass of microscopic globules, like flour or white grease, 
which refuse bs coalesce. Sickening is a similar, often indistinguishable, condition, 
induced by chemical means, as when the globules arc coated with a film of oxide, 
sulphide, or chloride of the mercury itself or of some base metal contained in it. It 
may be caused by agitating mercury with finely divided, partly oxidized sulphides, 
or by perchlorides of iron, mercury, copper, or other persalts of these metals plus NaCl. 
Any appreciable impurity in mercury is usually recognizable by the globules losing the 
spheroidal form and acquiring a tail. 

The extraction of gold from ore by amalgamation was practiced to some extent in 
ancient times, but no details of the methods are known. In the Middle Ages, rich 
ore and concentrate were ground or rubbed with mercury in wooden bowls using iron- 
shod mullers rotated by crude machinery. Later, batches of ore were groimd fine 
with mercury in the arrastra, using stone drags on a stone-paved bottom. In recent 
times the amalgamation of gold has been almost entirely associated with the develop- 
ment of the stamp mill. 

Three variants may be noted: inside amalgamation proper, in which a copper plate 
is inserted in the front of the stamp mortar, and sometimes a second inside plate at 
the back, mercur}' being fed with the ore at intervals varying from 15 min. to 2 hr.; 
outside amalgamation, in which all the reliance is placed on amalgamated copper 
plates outside the mortar, on which mercury is sprinkled from time to time; and an 
intermediate system, in which the mercury is fed into the mortar but no inside plates 
are used. 

Disregarding the crude nonrotating stamps of earlier periods, gold milling since 
1850 has included the following: 

1. The light (500- to 750-lb.) stamps of early Californian and Australian practice, 
used three to six in a battery. The mortars were of various patterns, often low iron 
troughs with built-up housings of wood or sheet iron. The screen was often punched 
sheet iron or copper. 

2. Wide mortars, supposed advantageous for amalgamation, used with stamps of 
700 to 850 lb., and of high form. These rarely crushed 2 tons per stamp daj', often 
only 1.25 to 1.5 tons through a 40-mesh or finer wire screen, usually brass wire, or 
punched tin plate. A drop of 6 or 7 in., ninety to one hundred times per minute, 
was common. 

3. The extremely wide mortar characteristic of Gilpin County, Colorado, with light 
(600- to 700-lb.) stamps of high drop (about 18 in.) and only 30 per minute, was 
supposed to have special virtue as an amalgamator. 

4. The extremely narrow, high-form mortar, usually associated with Homestake 
practice (1876) and designed for rapid crushing. An S50-lb. stamp at 88 drops of 
10 in. crushed over 4 tons daily through a diagonal iron or steel slot screen equivalent 
to 30 mesh. Its crushing efficiency has led to the wide use of this pattern and vari- 
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ations of it adapted for heavier staoips The narrow form is not necessarily inimical 
to amalgamation, as it has not becai unconuDoa io find over 50 per cent of the total 
recovery in the mortar, collected almost cnlirelj on the narrow (5 or 6 in ) chuck 
block plate 

5 The more recent heavy stamps, in American and especially' in African practice, 
which have ranged from 1200- to 2000-lb weight, about 1500 Ib being perhaps more 
generally preferred These have tended constantly toward coarser crushing, with 
screens approaching ^ m in aperture, the product of over 10 tons per stamp passing 
to rod nulls, ball mills, or pebble mills l\ith the heavy castings, long heads, etc , 
necessary for heavy weight, the open-front mortar has been revived, and the coarse- 
ness of crushing has encouraged the abandonment of inside amalgamation 

Five stamps per battery was early recognized ns standard practice, mortars dis 
charging m front only, and fed with Challenge feeders Two-stamp mortars have 
been little used except for prospecting, but excellent results may be, obtained with 
them and with some of the one-stamp mJIs, of which the J»i5sen is probably the best 
This has been made of 2000'lb fallmg weight, w ith a circular mortar half surrounded 
by screen Some others have screen on three of the four sides 

Steel-wire screen u now much used, with either square or rectangular openings, 
often slothke, with double wires ui one direction and heavily crimped In fine 
crushing, sheet steel ts often used, punched with diagonal slots H in long) or thm 
turned uon plate with round punched boles The modern screens are almost always 
set vertical 

In place of a long line-ahafl drive, one eleclnc motor now usually drives 10 light 
or 5 heavy stamps, by a built-up wood pulley 7 or 8 ft lo diameter with a 14- to 
18-m belt, the shaft running m plain cast-iron bearings without cover Wrougbt- 
iron camshafts are preferable to any steel ordinarily obtainable The cams are 
preferably attached by the Blanton self-locking device, which allows of easy removal 
all the cams being interchangeable in position 

The standard cam curve is the uvolute of a circle, the center coincident with the 
camshaft axis and the radius the distance from the axis to the central plane of the 
stamp stems The involute gives uniform speed of !dt, but strikes the tappet with a 
sudden jar, and the curve is often much modified at root and tip The gib tappet 
may have two or three keys The usual order of drop is 1, 3, 5, 2, 4 (identical with 
1, 4, 2, 5, 3), the only combmation possible if no adjacent stamps drop consecutively, 
but 1, 5, 2, 4, 3 ( = 1, 4, 2, 3, 5) is also used, and occasionally others m which one 
adjacent pair drop consecutively Any tendency to bank sand at one end of mortar is 
usually overcome by gmng the end stamp a slight increase in drop Various forms of 
guide are used but generally have cast iron Imers m place of the w ood formerly used 
For stamps from 800- to 1500-Jb weight the following table gives the range of 

■'wo/ghya.a.'OTinj/yjl.y oAujtA'i 'lSn)'flafi.aahcmitiihiww5s\hn5"grerfi.'tn'Tjnrgfc’?/iT''t’%'it-’iscd- 

for heavy stamps in South Africa and India The percentages are based on falling 
weight with new shoes 

I 800 to 1,500 lb , I 1,2j 0 to 2,000 lb , 

I per cent per cent 

47-28 
10-14 
22-^0 
20-13 


42-^4 

16- 13 
26-28 

17- 14 


Stem 

Tappet 
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The corresponding cam weight ranges from 25 per cent with light, to 20 per cent 
with heavy stamps, all being about 32 in. across tips. The camshaft ranges from 
(for 10) 30 per cent above the falling weight for light up to 50 per cent above for heavy 
stamps (5% to 61^6 in. by 14 to 16 ft .) ; stems increasing from 3 in. at 800 lb. to 4 in. 
at 900, and usuallj’' 14 ft. long; shoe diameters 8.5 in. up to about 900 lb., and 9 in. 
above that. 

Mortars are always of the high form, of heavy cast iron, generally with front 
entirely open, but variously proportioned. Reinforced concrete is now in general 
use for mortar supports, with an intermediate cushion of wood and rubber or belting. 
The ends and back of mortars are often protected by liners of chrome or manganese 
steel. 

Battery water should be supplied at the rear of the mortar at two or more inlets; 
the ratio of water to ore stamped has varied widely, ranging from 2.5 in occasional 
Californian mills to 10 or 12 in former Homestake practice, high crushing duty and 
amalgamation being obtainable at both extremes — 5 to 8 is generally preferable. 
With plate amalgamation, the water and grade must be sufficient, and the distribution 
of pulp over the topmost plate even enough to produee uniform waves and avoid 
building up islands of sand. For successful amalgamation the temperature of the 
feed water should be uniform, and neither extremely cold nor hot. Practically all the 
energy expended in crushing reappears in the increased temperature of the pulp, which 
is of importance in cold climates. 

Amalgamation. — Mortars formerly had inside plates both front and back 6 or 
8 in. wide and extending across the full length; the back plate has been discarded and 
the front plate — usually about 5 or 6 in. bj’’ 14 in. thick — is attached to the chuck 
block immediately beneath the screen; even this is now obsolescent and is seldom used 
with heavy stamps. 

A “lip plate” is sometimes attached outside the mortar, extending across the 
discharge and 1 to 2 ft. wide. The main apron plate may be in one unit or more, 
each 4 to 5 ft. wde by 8 to 12 ft., of 18-in. soft-rolled copper. In successive units, the 
width should bo maintained or increased. Long plates are usually set in an unbroken 
sheet of 8 to 24 ft., but some operators claim an advantage in cutting them into 2-ft. 
lengths, set with a drop of an inch or two at each step ; the long plates are easier to clean 
and care for. Plates of Muntz metal have been used in New Zealand and elsewhere 
with apparent success; at several mills in the United States they have been a total 
failure. The plate table is best built of tongue-and-grooved lumber, 1.5 or 2 in. 
thick, with 2-in. sides, and may be made adjustable in slope. Planed cast iron 
has been used. The plates are secured by screws or copper naUs, and cleats are often 
added at the sides. If divided longitudinaUj’’ into two or three runs, it is easy to 
clean one run at a time without stopping the battery. 

The inclination of plates is best kept from 1.5 to 2.5 in. per ft. (12.5 to 20 per cent) 
depending on the proportion of water, fineness of pulp, and proportion of hea-\^ min- 
erals, but extremes of in. up to 3 in. per ft. have been used. The plates are usu- 
ally placed close to the mortar, but sometimes the pulp is transported some distance 
and then redistributed over a plate system. This sometimes results in largo accumu- 
lations of amalgam in pipes or launders. 

Silver plating of the copper plates is advantageous, except with rich ore, and in 
the case of the plate next the mortar; about 2 oz. silver per square foot is a suitable 
amount, or soft silver amalgam may be rubbed on the plate. In "setting” new 
copper plates, about oz. mercury per square foot is requisite, and this should be 
applied by scouring with wet sand and a little weak solution of sodium cyanide. 

I’arious amalgam or quicksilver traps have been used, but there is probablj' noth- 
ing better th.an a shallow transverse trough or riffle about 2 in. deep and 4 or 5 in. wide 
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at the foot of the plate table The accunralated concentrate from this may be col 
lected daily with a small scoop and carried m buckets to a central point, where it can 
be run over a special plate or riffles, or ground in a pan or small ball mill 

Many mechanical amalgamators have been devised and used, such as horizontal 
rotatmg cylmders Imed wnth copper, or provided with copper wings or lifters or 
arrangements of horizontal disks or shelves rotating on a vertical axis, seriea of shelves 
of sheet copper, etc The Pierce amalgamator is probably the only one of these to 
show greater efficiency than a plain plate Numerous electrolytic devices have also 
been used, as well as sodium and zme amalgam, to mamtam the surface of mercury 
m a bright condition 

It is remarkable that gold or amalgam, while raping all the contrivances arranged 
to catch it, often accumulates in unexpected places, such as angles of cones, sumps and 
launders, the rakes of Dorr classifiers, and on the runners of high-speed centrifugal 
pumps All such places should be inspected from time to tune, and any tendency to 
build m launders should be encouraged by placing nffies suitably safeguarded 

Plate Area — ^The relation of plate surface to stamps and stamp capacity vanes 
remarkably m the practice of different fields Some extreme cases maj be noted 


Treadwell, Alaska — 880 stamps 
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50 
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[ WIO 

70 

S D stamps 1 
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66 

Pocahontas mill, 1 
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70 
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66 

South mill 1201 

f 1923 with rod | 


stamps 1 

1 mills I 

60 
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percentage 
of product 
amalgamated 


Ooregum, India — 55 stamps, 1923 with tubes 


Square feet 

plate ares 

Per 

Per ton 

stamp 

per day 


2 

62 1 

13 6 

43 ^ 

7 8 

32 7 

7 5 

18 0 

3 6 

25 6 

1 C 

10 

I 2 

20 

2 2 


With the revival of blanket practice the tendency is to reduce plate area still 
further 

boss of Mercury — In gold amalgamation, an ounce per ton was not an uncoro 
mon loss m early practice, and occasionally much higher losses were recorded, but 
this has been much reduced. At the Tceadwett mmea shortly before abandoning 
amalgamation, the loss varied from 0 06 to 0 08 oz per ton with ore from |1 60 
to S2 50, at the Homestake, 0 Ofl oz was lost with low-grade oxidized ore, and 0 17 oi 
with $5-ore contauung sulphides, and a similar range has prevailed la South Africa 
At Modderfontein East, amalgamating corduroy concentrate, about 0 05 oz is 
reported 

Among the principal sources of loss are drops running from the end of plates kept 
too “wet,” and flourmg 

Outside plates usually have the amalgam removed once every 24 or 48 hr bj wash 
mg off sand and then brushmg thoiou^y after aptinklmg with some additional mer 
cury The amalgam may then be collected at one spot by means of a stiff brush or 
cloth, or a rubber scraper, and transferred to an iron kettle Any hard crystallm'^ 
accumulations should be carefully scraped oH before they become persistent With a 
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properly organized system the entire time consumed is about 1 min. per stamp per 
day. In many mills the plates are also "dressed” or brushed up at intermediate 
periods, and may be sprinkled with mercury at the same time. Inside plates are 
usually removed for cleaning about twice a month, a clean plate being exchanged for 
the one taken out. The entire mortar is cleaned out about once a month, or whenever 
dies are taken out. 

The actual absorption of precious metal into the body of a copper plate is neg- 
ligible, but the accumulation on the surface may amount to many dollars per square 
foot if accretions of hard amalgam are allowed to build up, as they sometimes do, to 
a thickness of >8 in. or more, thus tying up an important amount of gold. In some 
mills this layer is softened by the occasional application of steam or hot sand, which 
facilitates its removal by scraping, but it is better to avoid this condition by daily 
removing hard accretions. Absorption only occurs when the rolled copper plate has 
capillary openings, such as minute cracks or pinholes. 

Amalgam obtained from plates, etc., is cleaned by grinding with water and addi- 
tional quicksilver, the floating impurities being wiped from the surface with a sponge, 
or in small lots by pouring from one vessel to another, when pyrite, etc., adheres to the 
moist vessels. Metallic iron is removed by a magnet. Small lots are ground by 
hand with a pestle and mortar of iron or -wedgwood ware; on a larger scale the amal- 
gam, or accumulated cleaning, is treated in a miniature iron tube mill, or a Knox or 
Berdan pan. The tube mill may be 2 ft. in diameter by 1 to 4 ft. long, with steel balls 
or rods of drill steel ; it may be worked in batches through a covered hand hole, or 
continuously by a stream of water passing through hollow trunnions. The Knox pan 
is a small cast-iron pan with a muller carried on a vertical shaft; the Berdan revolves 
on an inclined shaft, grinding by means of two or three large balls, or by drags chained 
to a fixed post. 

The amalgam is squeezed in fairly heavy (10-oz.) canvas; the finish is usually given 
by hand in balls of about 100 oz. each, or in cylinders compressed in a hydraulic 
machine with disks of canvas and coconut matting at each end ; the removal of excess 
mercury is facilitated by heating the balls in hot water. 

A high ‘'percentage of retort” is favored by a large percentage of gold in the 
resulting bullion, coarseness of the original particles of native gold, frequency of clean- 
ups (giving mercury less time to penetrate), pressure applied in squeezing (much 
increased by use of machine), and high temperature during the squeezing. About 60 
per cent is occasionally reached, whUe silvery amalgam may jdeld only 25 per cent; 
35 per cent is about average for hand-squeezed amalgam. 

Amalgam retorts are made in the pot form for charges up to about 2000 oz., 
and should bo not over two-thirds filled. For larger amounts the C 3 dindrical built-in 
form should bo used, fitted with three or four light cast-iron trays. The trays or 
I)ot retorts are given an internal wash of wood ashes, fine claj'', or chalk, or are painted 
with iron oxide, to prevent adhesion of bullion. Paper is sometimes used, but may 
cause flouring of the mercurj". The covers or doors are best sealed with a lute made of 
sifted wood ashes and secured bj' well-driven wedge kej's. A long condenser should 
be used, with a jacket supplied with cold water. In large retorts it is convenient to 
use loose dividing pieces of sheet iron, similarly painted, so that the resulting bullion 
will readilj" fall into pieces of convenient size for charging into crucibles. 

-■tin' convenient fuel maj' be used in retorting, and a pot retort may be heated in 
any style of melting furnace, or in the open if surrounded by a piece of sheet iron, but 
it is essential that the top be covered and kept hot, or the mercury vapor will con- 
dense before escaping. The temperature of boiling mercurj- is 356°C. (G72°F.) and 
its latent hc.at 125 B.t.u. per lb. On account of the high specific gravity of the 
vapor (seven times that of air), the discharge pipes should point downward as far 
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as possible and means should be adopted to carry off any escaping fume and pre- 
vent its mhalation, especiallj if it is neccssarj to open the retort before it has tune to 
cool The mercury carries over a trifling amount of gold, most of which is due to 
spattering in the earlier stages of volatilization The loss of mercury should be very 
small, any considerable difference in the weight of amalgam and of bullion plus 
mercury points to a defective lute or a leaky retort 

Bars of mill bullion or refined cyanide product are melted m graphite crucibles 
w ith borax sufficient to form a co\ er, and poured into iron molds previously smoked 
heavily or coated with graphite About 2000 oz is the usual weight limit for gold 
bars, and about 1000 to 1200 oz for silver 

Bars containing gold and silver with little base metal other than copper suffer 
very little segregation and solidify rapidly In sampling them it is safe to chip from 
one corner at the top and the opposite corner at the bottom or to drill K- or m 
holes at opposite corners Cyanide bars containing lead or zinc are irregular in compo- 
sition and should be sampled from the crucible just after stirring, or a sample may he 
taken while pouring by deflecting some of the flowing metal into a vessel of water * 
As soon as the bullion solidifies in the mold, the slag may be removed by pouring 
water on it and scraping it out, or by plunging the hot bar into cold water Plunged 
bars retain a little water if tbe surface is rough 

CYANIDATION 

Cyaaidation — At the present time sodium cyanide, NaCN, has entirely super 
Bcded potassium cyanide, KCN, as a solvent, and it alone will bo considered here 
although some metallurgists still make all calculations in IvC^ and recalculate the 
results to the actual salt used * 

The essential reactions of the cyanide process arc, for gold, 

2Au + 4NaCN + 0 + H,0 =• 2NaAu(CN), + 2NaOH 

This 13 Eisner's reaction, verified by Maclaurin, uidicating the necessity for oxjgea 
or its equivalent Metallic silver follows the same reaction, substituting Ag for 
Au Cyanides of other alkali and alkali earth metals act in precisely the same way, 
substituting Ca, Ba 2K, etc , for 21sa Hydrocyanic acid is an extremely feeble sol- 
vent, and cyanogen itself is without action on gofd 
Silver chloride is rapidly diasolved, without oxygen, 

AgCl + 2\aCN = NaAg(Cry)i + NaCl 

and most other silver compounds are similarly dissolved 

Silver sulphide, however, dissolves slowly, the reaction being reversible and 
requiring an excess of cyanide 

AgiS + 4NaCN fc? 2NnAg(CN)i + NaiS 

Artificial gold sulphide is similarly dissolved The solutions obtained always contain 
more or less thiocyanate (NaCNS), and this probably results from oxidation of the 
NajS 

NaiS + 0 -b 11,0 + NaCN = NaCNS + 2NaOII 
Free sulphur, resulting from partial oxidation, of pyritic ore, or sulphur from thiosul 

» See Sampling pp 72 76 78 and 80 of the xolunie entitled Principles and Proceases 
I It IS convenient to remember that for aU pmctieal purposes 41b KCN - 31b NaCN ‘ “ 

98 per cent NaCN — 2 lb of Aero cootaininc eyanoeeu equivalent to 49 per cent NaCN Al«o » 
10 ce of 0 SV tgNOi (8 60 g per I) - 0 049 g NaCN - 0 OS B of 98 per cent sail or 0 1 g of Aero at 
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phates formed by the action of lime or soda on pyritic ore, also reacts on cyanide 
with formation of thiocyanate. 

S + NaON = NaCNS 

Tellurides of gold and silver are scarcely affected by cyanide solutions, and silver 
selenide is very slowly attacked. 


Ei-ecthomotive Fohce op Metals in Cyanide Solutions^ 


Concentration 

KCN 


Most probable value for e.m 

.f. 


Zinc 

Cop* 

per 

Gold 

Silver 

Lead 

Mer- 

cury 

Iron 

C.5 per cent — N 

+0.945 

+0.930 

+0.42 

+0.34 

+0.20 

+0.15 


0.65 per cent = A^/10 


+0.68 


+0.195 

+0.16 

+0.05 


0.065 per cent == N /lOQ 

+0.775 

+0.43 


+0.055 

+0.11 

+0.04 


0.0065 per cent = N/lfiOO.. 
0.00065 per cent = 

+0.415 






-0.13 

Y/10,000 


-0.25 

-0.45 




-0.14 


‘CiIRiBTT, Tram . Vol. 30, pp. 921-922. 


As calculated from the chemical equivalents, 1 lb. NaCN suffices to dissolve 1.1 lb. 
Ag or 2 lb. Au; 1 lb. Zn to precipitate 3.3 lb. Ag or 6 lb. Au. An ounce of metallic 
silver, therefore, requires 1.8 times as much of either reagent as an ounce of gold, and 
a dollar’s worth of silver at the ordinary range of price uses forty to sixty times as 
much as a dollar’s worth of gold. In practice, the difference is even greater because, 
as a rule, gold dissolves readily in dilute solution, while silver often occurs as the 
sulphide, which requires a stronger cyanide solution owing to the reversible character 
of its reaction. On the other hand, silver chloride dissolves rapidly and with little 
decomposition of ejmnide. 

Under identical conditions, metallic silver dissolves about half as fast as gold, or 
in exact proportion to their atomic weights. Silver-free gold dissolves more readily 
than gold alloyed with silver. Maclaurin showed that all gold-silver alloys should 
dissolve in cyanide solution at the same rate as measured in thickness removed, and 
in the same proportions in which they e.xist in the original alloy; Yokobori and others 
confirm this. 

As regards the effect of amalgamation on the rate of dissolution by cyanide, some 
contrary emdence has been adduced. In stationary beaker tests with pure gold foil, 
a mere film of amalgam retards solution about as much as thorough wetting with 
mercury — similar pieces show one-half to one-tenth the rate of solution noted with 
clean gold; when agitated in sand mixtures the same tendency is noted. 

For a given percentage of KaCN, gold in a thick slime mixture dissolves much less 
rapidly than in thin pulp, the same is true of silver, of oxygen, and of salts such as 
KaCN itself lumps of which should not be dumped in agitators but predissolvcd in 
clear solution or water. This effect seems to be partly due to the greater viscosity 
of thick pulp, partly to the smaller proportion of solution to unit volume and unit 
surface. 

After a certain period of contact with a given solution, the dissolution of gold from 
ore practically ceases, in spite of agitation and ample aeration; on adding fresh solu- 
tion, or replacing a part with barren solution or even with water, further dissolution 
takes place. Thi.s is more marked with silver than gold, and especially on adding 
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During ciraHng, teaching , and washing, airland soluf ions pass by than nets to aiivrna te plates and through c hths, and across sifm^ ca hes 
Fig. C. — Slimo treatment in Merrill filter presses at Homestake, S. D, See Clark and Sharwood, Trans^ 22, 68. 
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aerated barren solution from extractors Some of the effect js, no doubt, due to the 
inert or “fatigued " solution having reached an equilibrium w ith the ore, but probably 
much of the later apparent dissolving js actually diffusion of the richer solution 
adsorbed or absorbed by the ore particles 

In sulphide ores, especially complex sulphosalts, 8il\ er may be very slowly soluble, 
this may often be partly overcome by removal from the solution of the NajS formed 
by means of lead compounds mercury salts are sometimes used with advantage, and 
fine grinding is essential Owing to the reversible character of the reaction with 
AgjS, a short treatment with very strong (I per cent or more) solution of XaC\ is 
often much more effective than long treatment with dilute 

The best strength of solution must be determined by experiment In agitation 
systems, coarse gold being removed if originally present, slime may be treated with 
solution of 0 1 to 0 01 per cent NaCN, silver shme may require 0 2 to 0 per cent or 
higher 

In well roasted sulphide ore or concentrate the gold is, as a rule, amenable to 
cyanide, hut the globular particles from toasted telluridea dissolve slowly, silver la 
similar roasted material becomes partly insoluble, extremely fine grinding is desirable 
with most rich silver material After fine grinding, such material is sometimes put 
back m the same circuit wnth average ore, it is best first to give it a separate intensive 
treatment with strong solution 

Gold teliunde ores must be either roasted or treated with some oxidising agent 
such as btomoeyanide, BtCN, after prehromary leaching, or any alkaline bromate 
or peroxide of sodium or barium, may be used after preliminary treatment with XaCN 
Many other oxidijing agento have been tried in connecVicpn with cyanide treat- 
ment, to supply ‘ nascent CN’' or its equivalent, but none has been able to compete 
with atmosphenc oxygen for ordinary ores 

Lead and Mercury la Cyamding — Mercuric oxide and chloride dissolve com- 
pletely ui cyanide Bolutions 

HgO + 4NaCN - NatHgfCN), + 2NaOn 

but when mercurous oxide or chloride is treated with alkaline cyanide, half the 
mercury remains insoluble in the melaUic stale 

2HgCl + 4NaCN = Hg + Na.Hg(CN). + 2NaCl 

An old tailing pile containing HgCI, therefore, cannot be expected to yield 50 per 
cent of the mercury by cyamding, mercuric oxide would give an almost complete 
recovery, the sulphide and metalhc mercury would yield little or nothing 

Lead la sometimes added to solutions as the acetate (54 6 per cent Pb) or nitrate 
(62 56 per cent Pb), the latter being generally more economical Litharge (PbO = 
92 8 pet cent Pb) la sometimes added to gcmdecs, or ground with lime In alkaline 
solutions the lead is dissolved as plumbite, NaiPbOj, which reacts with sulphides to 
form PbS Occasionally, a local oxidised lead ore (PbCOj) has been eimilarly used 
Removing NajS, lead facilitates the solution of AgiS, argentite, but it has no beneficial 
effect on the complex sulphosalt ores rf stiver Mercury would similarly precipitate 
the sulphide radical as HgS Both lead and mercury also influence precipitation 
Contact with zinc dust or shaving at once throws down metallic lead or mercury, 
formmg a zme lead or zme mercury couple which facilitates precipitation of gold and 
silver, and is especially advantageous when sme shavmg is coated with copper 
Lead added to solutions at the time of precipitation is found m the precipitate and is 
sometimes troublesome in refining unless cupeDatton is practiced Any mercury m 
solution is similarly precipitated, and when *mc precipitate contains much (say 10 
per cent) of it, its removal by distillation maybe profitable 
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Losses of Cyanide. — ^Losses of cyanide are mechanical and chemical. The 
first comprise the cyanide that is carried off in solution, some of which may be unavoid- 
ably thrown away daily, to prevent accumulation of too great a volume, or may be 
discharged in the residue, the washing of which is necessarily imperfect. 

Chemical losses include that due to hydrolysis of NaCN (2NaCN + HjO = 
2NaOH -}- 2HCN), but this effect is slight in solutions that are distinctly alkaline, 
and is much smaller in old solutions [which often carry most of their CN in the form 
of Na 2 Zn(CN)<] than in simple NaCN; decomposition of NaCN by acids, including 
CO 2 contained in air used in agitation (2NaCN + CO 2 H 2 O = Na 2 C 03 -b 2HCN); 
oxidation of NaCN by oxygen of air to form NaCNO and other inactive compounds, 
such as bicarbonates (NaCN O = NaCNO; 2NaCNO -b 3 H 2 O = Na 2 C 03 -b 
2 NH 3 , etc.); reaction with iron compounds, copper, etc., to form Prussian blue and 
various double cyanides, and with sulphur to form NaCNS. 

Cyanicides. — “Cyanicidc” is a convenient name applied to all those substances 
found in ores and tailings which cause a loss of the essential ion CN from the solutions 
used in treatment. Under this head may be grouped acids that directly decom- 
pose NaCN (including carbonic and humic acids); salts such as sulphates and arse- 
nates, especially those of iron, which consume free alkali [Ca(OH )2 and NaOH], thus 
facilitating the hydrolysis of NaCN; ferrous salts and oxidized compounds of copper 
and zinc which form complex cyanides, cither cntirelj’’ inert or feeble solvents for gold 
and silver; and certain sulphur compounds that react with NaCN to form NaCNS. - 

When used injudiciously and in excess, even oxygen, chlorine, bromocyanide, 
peroxides, and other oxidizing agents are actually cyanicides. The cyanide actually 
used in dissolving gold is almost negligible, but rich silver ore consumes more — 100 oz. 
of silver using over 6 lb. NaCN to form the double cyanide. 

Copper in oxidized ores is usually in the form of the green or blue carbonate (mala- 
chite or azurite), an oxide, basic sulphate, or occasionally the metal. In pan-amal- 
gamation tailings it occurs in similar forms from decomposition of added sulphate. 
In all these forms it is readily dissolved by cyanide solutions and decomposes or renders 
useless approximately three times its weight of NaCN, or four times of KCN. In 
the case of KCN, the actual cuprous compound formed appears to lie between K 2 CU - 
(CN)a and KjCu'fCNU, while a portion of the CN is oxidized to CNO in reducing 
combined Cu" to Cu'. As little as 0.1 per cent of soluble copper may, therefore, 
cause a loss of several pounds of cyanide per ton treated. Unoxidized suphide ores 
are commonly but little attacked and decompose relatively little cyanide. 

From some oxidized ores it is possible to remove the soluble copper by dilute 
ammonia, or, if but little calcium carbonate is present, by dilute sulphuric acid; 
in either case the dissolved copper must be removed by thorough washing before 
contact with cyanide solution. 

Iron and steel in the form of sheet metal, etc., are practically without effect on 
cyanide solutions. Some writers have insisted that the fine metallic iron intro- 
duced into ore by wear of mill castings, steel balls, and rods, etc., which may range 
from 1 to 5 lb. per ton, decomposes cyanide and interferes with gold extraction. In 
practical tests, it is difficult to recognize any losses due to metallic iron as such. 
Any actual decomposition is probably due to ferrous compounds produced by oxida- 
tion of this finely divided metal, or by the action on it of acids resulting from oxidation 
of sulphur compounds in the ore. 

Antimonial Ores.— Ores containing antimony as sulphide (stibnitc) have, in some 
instances, given trouble in extraction, and also by yielding an impure precipitate, 
difficult to refine unless cupellation is practiced. 

Fine grinding has been recommended, and the use of a solution as low as possible 
in cyanide an'ri especially low in free .alkali. In other cases some success has been 
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reported in the adoption of a treatment with eomparatively strong solution of sodium 
hjdroxide or sulphide to dissolve interfering antimony compounds, and washing out 
the solution before cyaniding 

In some antimonial ores, as with others coataming Se or Te, all or most of the gold 
may resist both amalgamation and cyanide, and may also be impossible to concentrate 
A thorough roast, followed by fine grmduig, generally renders a high percentage solu- 
ble in cyanide solution 

Arsenical Ores — ^hlany of the common arsenical minerals, notably arsenopyrnte, 
FeAsS, are totally unaffected by cyanide eoluUoQ, their oxidation products ere, 
however, soluble in many cases WTien arsenic passes into solution, some of it msy 
appear m the precipitate, and in this case extreme precautions must be taken m dis- 
posing of the fumes from acid treatment, which may contam arsine, AsHi 

The presence of manganese lamerals in gold ores appears to have no ill effect m 
cj aniding , some silver ores contain largo peccentagea of manganese peroxide but yield 
readily to cyanidation, others, some of them containing relatively small proportions 
of manganese, j leld only a small percentage of their sdver, even to strong cyanide solu- 
tions Mere addition of MnOi has no prejudicial effect, and it is probable that in the 
latter oroa a mote or less definite manganite of silver exists, analogous to the com 
pounds of barium and copper found m psilomelanc Investigations by R Linton, 
L M Hamilton, and W H Coghdl show that in some cases treatment with dilute 
hydrochloric acid, salt and sulphuric acid, sulphur dioxide, hydrogen sulphide, or a 
sulphydratc, or a chlondirmg roast leaves the silver m a form permitting a high extrac 
tion with cy amdc solution, though it may be insoluble in mtnc acid Reagents that 
decolorize the dark manganese compounds generally free the silver 

For instance, Hamilton, in one case, extracted only 5 to 15 per cent at 200 mesh, 
additions of lead, oxidation, hot solutions, chlorine, and sodium sulphide, 
giving no iraprovement A prebmuiary treatment with H»S or NaHS increased the 
extraction to 73 per cent, HCl to 91 per cent, 5 per cent SO* to B4 per cent, and a 
chloridizing roast to 75 per cent, when follow^ by agitation with dilute KCH solu- 
tion Concentration, oil concentration, and flotation gave no results 

The Caron process commences with s ''reducing roast” to decompose per- 
oxides, and in certain cases has greatly increased the subscciuent extraction of 
Sliver 

Calcium sulphate is sometmes an original constituent of ores and tailings and of 
some waters, more commonly it results from the roasting or weathering of calcareous 
ores containing sulphides, and occasionally from the action of sulphuric acid on such 
ore Lead sulphate may also react with limey solution to give a saturated solution 
of CaSOi In Colorado and Western Australia, leaching of roasted ore has sometimes 
been followed by the settmg of charges to a cementlike mass, which might require 
blasting A more common result is the supersaturation of cyanide solutions with 
CaSOj, which crystallizes as a hard deposit on pipes, canvas, etc , and may coxt iiuc 
shavings so as to render them mactue A complication is caused by the fact that the 
solubility of CaSOj m water decreases with a rise of temperature 

Magnesium sulphate may be similarly formed, while readily soluble, it is equally 
objectionable owing to the fiocculent precipitate formed when its solution is mixed 
with another differing m alkatinjly 

Oiling to the presence of carbonaceous matter (not graphite) in black schists 
associated with the ores, it has been impossible to secure good extractions of gold at 
certain mines in various parts of the world, much of the gold being reprccipitated a* 
soon as dissolved in some form which has never been positively identified, though 
much has been written on the subject Charcoal from charred mine timbers, etc, 
similarly interferes 



HYDROMETALLUEGY OF GOLD AND SILVER 


315 


III the case of some African ores, a process was worked out by Feldtmann and 
Wartcnweiler for extracting the reprecipitated gold by a subsequent leaching with 
sodium sulphide solution. 

A more recent method is that of Silver and Dorfman, who give the ore a prelimi- 
nary agitation with a little flotation oil, which prevents the carbonaceous matter from 
interfering. 

Some pyritic concentrates oxidize rapidly to FeSOi, etc,, and then decompose 
large amounts of NaCN, forming ferrocyanides, Prussian blue, etc. This may be 
obviated by a fairly long aeration in the presence of lime or soda, oxidizing the iron 
completely to ferric hydroxide. 

At the Goldfield Consolidated mill the concentrates contained copper as well as 
iron sulphates. Soluble copper and iron were removed by preliminary treatment with 
dilute sulphuric acid, followed by an alkaline wash, after which the fine-ground 
concentrate was cyanided in a Pachuca tank with repeated decantation, finishing in 
a Kelly filter. 

Lime is used in cyaniding to neutralize acid existing in ore, or the “latent acidity” 
of such salts as basic ferric sulphate, thus protecting cyanide from decomposition. 
It is also of value in increasing the settling rate of slime. 

Wien crushing in water, quicklime may be fed dry with the ore, or may be slaked 
or ground in a tube mill or pan. This early introduction effects neutralization at the 
earliest possible stage, but sometimes has an adverse influence on amalgamation. It 
is advisable when crushing in cyanide solution. An opposite policy is followed at the 
Homestake sand plants, where the ore develops acidity by oxidation and a granular 
lime is required for progressive neutralization; here it is crushed by a stamp through a 
seven-mesh screen and mixed with the sand just as it passes to the collecting-leaching 
vats. 

In treating dry sand, the lime should be slaked carefully, and the fine product 
mixed as uniformlj' as possible with the charge at any convenient stage. With slime 
pulp, it may be used as milk of lime fed from a grinding pan or mixer. Acid and bicar- 
bonate waters consume an appreciable quantity of lime. In some cases, as when 
aluminum is used ns a precipitant, the calcium in solution must be replaced by sodium, 
by the use of caustic soda or soda ash. 

An excess of alkali in solution protects KaCN from hydrolysis, but it usuallj' 
retards and may even prevent the dissolving of gold and silver, especially with sul- 
phide ores. Alkalinity must, therefore, be carefully controlled, and it is generally 
best to maintain it at the lowest possible point in excess of that corresponding to the 
cyanide (NaCN) indicated by titration — ^in other words, the protective alkali should 
be as near to zero as possible. This is generally safe, as old solutions containing zinc 
show little tendency to hydrolysis of HGN. 

Lime should be free from charcoal and contain but little magnesia. The available 
CaO in good quicklime is between 80 and 90 per cent; it is easily determined by shak- 

2 g. with 20 g. of sugar in 200 to 1000 cc. of distilled water, and titrating onc- 
twenfieth of the clear liquid with standard acid. 

Sand and Slime. — In the first MacArthur-Forrest patents, agitation in cyan- 
ide solution is indicated, but in the early practical plants some form of separation 
was found necessary, the coarser material, including as much of the fines as possible, 
was leached, the "slime” being allowed to accumulate untreated, unless exceptionally 
rich. 

“Slime" properly refers to colloidal material— -“superfine particles”— which 
can be neither leached nor settled readily; Gross has defined it as “anjdhing which 
renders water muddy.” The slime separated by clas.sification is largely extremely fine 
sand, the microscope showing this to consist of crystalline particles. Leachable'sand 
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may contain 40 or 50 per cent of material finer than 200 mesh, provided true (colloidal) 
slime is practically eliminated. In general, quartz and pyrite tend to pass into sand 
during classification, while the slime contains the more basic and hydrous constituents 
of the ore — especially lunonite, and hydrous silicates of alumina and magnesia, such 
as kaolin and chlorite. 

In rare instances, a porous ore, containing no coarse gold, may be crushed coarsely 
(to, say, M in.) and leached directly, but classification is more generally necessary. 

“All-sliming” is a term loosely applied to the comminution of an ore to pass 
200 mesh — sometimes extended to 100, or even 80 mesh — ^the general idea being to 
ensure a product that can easily be kept in suspension. 

Crushing in cyanide solution was first attempted by A. B. Paul in California, 
but was little used until 1899; since then its use has rapidly increased. Milling in 
water washes out soluble cyanicides, and lime may be used to neutralize latent acidity, 
in some cases saving much cyanide; amalgamation may be thus kept in advance of 
contact with cyanide. Crushing with cyanide complicates the sampling of heads, 
owing to dissolved values, but has many advantages, dissolution of gold beginning 
ns soon as the ore enters the mortar or mill, and the only water introduced into the 
system being original moisture and that used as a final wash. From 50 to 75 per cent 
of the soluble gold may dissolve during milling, but with silver, solution is much slower. 

Sand Leaching.— ^and is leached in vats with filter bottoms, filtration being 
cfTectcd by gravity, in some cases aided bj"- the application of a vacuum beneath 
the filter. The vats are cylindrical, of steel or wood, redwood or cypress being 
generally preferred on account of their durability. They must be made absolutely 
watertight, with substantial foundations, preferably parallel walls of concrete arranged 
to allow of easy inspection of the bottom and sides. Vats of reinforced concrete have 
been used, of various shapes, made tight by the use of bituminous coatings. Wooden 
vats should have the staves doweled, bottom boards either doweled or grooved for 
the insertion of pine tongues, and bottom end joints made with metal tongues. The 
bottoms should have a slight slope toward the solution outlet. 

Filter Bottoms. — A ring of Avood is placed around each bottom, about 1.5 in. 
from the staves or side, forming an annular channel for the rope used to secure the 
stretched filter; the height of this vmries, but should be 3 to 5 in. for large vats. The 
space inside this ring is occupied by some form of Avooden grid of equal depth. One 
of the best forms is a system of parallel strips, set edgcAA'ise and notched or crozed 
on the Amder side for half their depth so as to allow of free circulation. For instance, 
the .strips may be 2 X 4 in. or 2.5 X 5 in. AA-ith notches 4 or 5 in, long and 4 or 5 in. 
apart; the strips themselves are nailed down 2 or 3 in. apart. A similar effect is 
produced by continuous 2 X 2 in. strips laid parallel and resting on similar but short 
pieces 6 in. apart, laid crosswise on the bottom AA’ith spaces betAAxen their ends; or 
the parallel strips may rest on short blocks through which the nails pass. 

Upon the strips is laid a circle of coconut matting, sewn and hemmed, and fas- 
tened on the ring by occasional nails or staples. Over this is the filter proper, of heavy 
canvas, cut somewhat larger than the tank bottom, tightly stretched, and fastened by 
driving an inch rope into the recess round the tank bottom. In South Africa, hessian 
(burlap or hop cloth) has been laid on the wood grid, and coconut matting aboAx this. 
Wlion vats are discharged by shoAxling, the upper cloth must be protected by boards, 
say C in. Avidc and a few inches apart, or by Avider boards Avith numerous holes 1 in. or 
larger. 

Around bottom discharge doors a tight Avood ring is built up, of the .same height as 
the filter. Near solution outlets all approaches must be kept clear. Near such out- 
lets it is Avell to have a movable false section of bottom, Avhich can be lifted occasionally 
to remove accumulated fine sand which may pass throAigh holes in the filter. The 
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canvas filler alionUl have a vahc or opcnmj: wliieli can be closed bj Ijing a sleeve 
Bcwn into it, to rdcw<e n»r when thcnalcr w iMrodncnl 

Discharge Openings lor Sand Bealdues — ^TJ ipbo may be placed in the bottom 
of the sats or in tin sides closi to the filter Iwltom In the latter ca«e some of the 
hoops or rods for noodcii Mits must pas* round thi gate frame, or connect with 
the frame feluiung Rates in the liottom slmuld be near the snlca, with one w the 
center of a large vat for »ho\cl»nR ehoiiW l>c so dwlnbutwl that each serves 
a nesrly equal area but thej should alw be placed in straight lines so grouped as to 
require a minimum number of car tracks or sewers beneath ibe %at* 

Side doors are rectangular Ijottom doom may be round thej open outiraid and 
arc convcnientlj hinged and woircil when closrtl by swing Iwlts or In a hiogetj 
le\ cr arm tightenwl b> a ew mj» ItoU Tliej mn> be of pressed steel or cast iron made 
tight by Bfiunre parking \ convenient center gate a that of Merrill, closing tight on 
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hios 11 13 —Typical Sow sheets ol *uccrs»ful gohbmithng installations ' 11 a tmiple 
flotation plant wilh a jig rccoicrs fnetallirs to the grinding rireuit 12 the pg recoirn non 
floating minerals and the unit fiotstion eeil following it rrcoi era » coar«e bulk concenUaU 
and reduces shnic losses 

an iron ring and lifted from nbovc by a threaded central ro<l in a column cf pipe 
the latter may also eerve as support for a movable Butters distributor To diminish 
reaistaticc m Lifting, such bottom vaKcs should be tnailc with the lop an acute cone 
Leaching vats may be filled •wilb current null pulp or with dam sand conveved 
by water or solution, or with drj sand or crushed ore Tlie mam consideration is to 
secure uniform distribution and uniform pcmieabilit} If loaded wet the vat should 
be first filled, or at least partly filled, with water or solution 

The total overflow during filling « original w ater + coniejnng water — intcrsti 
tial space in charge original water + total volume pulp fed — net \olume of sand 
in charge 

Wet sand n usually fed through a Butters*Mein ilislnbulor (the reiobinR lawn 
sprinkler tj pe) with su or eight arms of !}{- or 2-m pipe of differing lengths enttog 
m elbows with flattened hps For uniform filling the tank bottom is dnidcd into equal 

annular areas, each radi^ pipe terminating nearly over the middle of a ring 
ovcrflowis earned offby an annular launder usually outside the staves but sometimes 
built inside With cheap labor as in Africa and Mexico, filling w as often done by a 
matt w ith a hose 

< These Sow abeeta furoubed by (be DcanrEqaipiMnt Co Denver Cola 
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As soon as filled, the sand is allowed to drain, and solution is applied to the top; 
it may be applied as a spray or allowed to pour upon the sand — in the latter case 
sheet-iron pans are used to prevent washing holes in the surface. 

In filling with dry or drained sand, conveyers may be used — a main belt running 
along or between rows of vats, with a traveling shuttle belt across the vats — ^with 
automatic discharge. Or the feed may discharge over the center of the vat and slide 
down a radial inclined shoot with adjustable openings, the shoot being gradually 


Feed Feed 



Figs. 13-14. — Typical flow sheets of successful gold-milling installations:* 13, a small 
batch cyanidation plant may be used to obtain all-bullion products; 14, a jig removes coarse 
gold ahead of cyanidation, improving recoverj' and eliminating erratic tailings. 


moved round the vat by hand. Or barrows, cars, etc., may be simply dumped 
over a coarse grating supported just above the top of the vat. 

IVhen filling with dry or drained sand, some hours of treatment time may be 
saved by siraultaucously introducing solution below the filter bottom, so that it 
rises through the sand about as fast as the sand accumulates. As soon as the vat is 
filled and solution reaches the top, the bottom supply is cut off and normal downward 
leaching is started. 

Direct trc.atmcnt in the same vats in which sand is settled wet is only practicable 
when colloids are absent or have been washed out almost completely by cones, S-pilz- 
ka$(cn, or other classification systems. Filter-bottomed collecting vats are sometimes 
used, and may be superimposed above the treatment vats, the settled sand being 
transferred to the latter by shoveling or by an excavating machine, such as the 

* These (low sheets furnished by the Dcnvpr Equipment Co., Denver, Colo. 
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BlaudcU Instead of an annular overflow launder for the collecting tank, %ertical 
slots have been used in Africa for overflow water outlets, the outflow level being auto- 
matically raised by roller-blind device* carried on floats, or it may bo raised by 
cast-iron rings placed above a bottom opening 

In double treatment, the sand is collected and drained in such tanks, and gnen a 
preliminary cyanide solution treatment to displace the water, it is then transferred to 
the treatment \ats below, where leaching is completed The aeration thus secured 
13 beneficial 

Caldecott's continuous-collecting system for sand consists in classifj mg with dia- 
phragm cones and draining the thickened sand on a slowly revolving lionzontal tabic, 
about 20 ft in diameter, provided with a nude annular filter of coco mat ana calico 
supported on wire screen Here the sand la dewatered bj a vacuum of about 5 lb 
per sq in and removed bj a fixed plow, it falls OB a belt com ej cr and is convej ed 
to the treatment vats 

Teaching — ^The manner of applying solution vanes Gold diisohcs rapidly, 
especially from fine sand, giving nch effluents m the early stages of leaching the 
value falling off rapidly siU er often dissolves slov, Ij , show mg less difference iti the 
value of the effluents with tunc lor instance, a particular ore jicldcd 70 per 
cent of the extractable gold, but only 35 per cent of the extractable siher m the 
first quarter of the total effluent solution Hence, by precipitating only the first 
halt of the effluent, and using the later portions fortified in cyanide for the early 
treatment of succeedmg charges, the tolumo precipitated is tnimmizcd, so that it may 
be possible to make good extractions while precipitating not more than half a ton of 
solution per ton of sand 

The strength and the alkalinity of solution and the number of hours of contact 
must be determined to suit each case, and great saving may result from adtusting these 
conditions and the degree of commmution of the ore, after the general treatment has 
been established 

When two solutions are used, the strong is generally applied first, and the w eak is 
followed by wash water sufficient to displace it The wash water and water m moist 
or water crushed ore mix with the solutions to some extent, yielding "first and last 
drainings” of low NaCN content and low in preeious metals To preserve the 
volume of plant solution constant, these drainings, or low solution, are best precipitated 
separately and the barren run to w aste A slight saving is effected by using a buffer 
of this barren solution just before tbc wash water Sometimes a little weak solution 
IS similarly used before the strong this is advisable if cyanicidcs have not been 
removed previously 

■ffhendryore is crushed in cyanide solution, the final wash water must be regulated 
to make up the deficit in solution that would occur otherwise 

The “leachmg rate” of sand 13 measured by the fall per hour in the surface of 
solution standing over a charge of saturated ore m the vat Good extractions are 
usually obtained with leaching rates of 2 in or more per hour, at 1 m more care is 
necessary, and slower rates are generally dangerous, shortening the tune of contact 
by reason of the longer washing period necessary As the voids m settled sand are 
usually about 50 per cent of the volume, solution descends through sand at about 
double the surface leaching rate and the hours required for displacement of solution 
by wash water may be approximated by dividing twice the surface rate into the inches 
depth of charge 

With sand of given character, the leachu^rate is not much retarded by a moderate 
increase in depth, the effect of depth is la^Iy offset by increased head An cxtremelr 
thin layer of slimy material may, however affect the rate profoundly Application 
of a vacuum beneath the filter bottom was formerly practiced, when classification was 
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usually imperfect; while increasing the flow it tended to cause packing of the charge 
and lower the normal leaching rate; it may be used with advantage in the final washing 
stages. 

Solution may be supplied continuously to the charge, or may be added at such 
intenmls as to allow the surface to become drained and thus entrap air. Solution is 
sometimes circulated repeatedly through a charge by an air lift or pump returning it 
from the bottom to the top; this gives the desired aeration, but the ultimate removal 
of precious metal is retarded. Maceration or soaking by closing solution outlets for 



Figs. 15-16. — Typical flow shoots of succossful gold-milling installations;' 15, combina- 
tion flotation and cyanidation permits milline both oxides and sulphides; 16, oyanidation of 
flotation concentrates produces all bullion. 


long periods is an obsolete practice, but a too rapid flow should be controlled to avoid 
precipitating unnecessary solution. 

Tanks. — For economy of material a round tank of uniform thickness should 
have a depth equal to one-half the diameter, for economy of hoops the shallower 
the better, for economy of foundation the reverse. A common compromise is to 
make the depth one-fourth to ono-si.xth the diameter. In steel vats the bottom 
is usually at least Hg in. thicker than the sides; these also maj' bo lighter toward 
the top. Steel tanks are riveted and liave a ring of angle steel surrounding the 
bottom ; a similar ring is often used at the rim, and deep tanks may be stiffened by 
a ring of T iron or a channel section round the middle. For wooden tanks, round iron 
or steel hoops arc preferable to flat ones, which often develop rust on the underside. 

> Tbc9« now ftirnUUod by Ibo Drnvor Kquipmcnt Co,, Denver, Colo. 
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To get the full strength, the ends should be swtably upset before threading, and the 
section at the bottom of the thread considered zn calculating strength For sizes 
requiring over IJs in round it is preferable to use IH-m or larger square steel The 
sizes may increase by ^ from ^ in at the top, and the spacing be made correspond- 
ingly closer as depth mcfcasea Heavy hoops and tings must be rolled to the proper 
curvature before use, and hoops mast be provided witb properly designed couplings 
In calculating the necessary cross section of hoops or thickness of side, wet sand, 
like slime pulp must be considered as a perfect fluid, as there are times when it is 
dangerously near that condition Settled sand may be assumed to have 60 per cent 
voids when the specific gravity of the wet mixture p is 0 5(d + 1) where d =• specific 
gravity of dry sand 

D = diameter of tank m feet 

II = depth from top to center of rmg (or hoop) considered, in feet 
p = specific gravity of pulp [= 0 5(d + 1) for wet sandj 
I => thickness of steel vat in inches at depth H 
W ” mchca width of ring controUed by hoop in wood vat at depth H 
Strain on square inch cross soclion of steel sheet = — lb 
Total strain on cross section of hoop » 2 QiVDIIp lb 

Thus, with a steel tank 50 ft in diameter the metal H in thick at a depth of 10ft, 
when filled with wet sand of specific gravity 2 8(p * 1 9), stands a strain of 

2 6 X 10 X 50 X^ - 9880 lb per sq la 

Similarly with a wooden vat under the same conditions, a hoop 10 ft from the top, 
spaced 0 in from adjacent hoops, is subject to a strain of 

20XOX10X50X19® 14,8201b 

and for a factor of safety of 5, the hoop must be capable of standing 74,000 lb 

leaching In the Filter Press — ^TTus includes collection and complete treatment 
in the press, and usually requires solution to be applied under a pressure of at least 
30 lb per sq in Separated shme or all slimed ore, suitably thickened, is fed into the 
preaa by gravity, monte-jus or pump untd filled Alternate plates are then con 
nected with compressed air and the water displaced Solution is next applied through 
the same channels, and leaching (which may involve several solutions and may be 
alternated with air treatment) is contmued aa long as gold dissolves, it is then dis- 
placed by wash water, and the sobd is finally discharged 

The Dehne press, used in W estem Australia for roasted ore and in some cases for 
raw shme, was opened and discharged by hand, it did not differ essentially from the 
ordinary plate-aod frame press Treatmeot was comphited in eotae eases m a 2- 
or 3-hr cycle, but operation was expensive, even when openmg and closmg were 
effected by hydraulic power, and it was generally found preferable to dissolve the gold 
m agitators and use the press for filtering and wadimg only 

The Merrill press dischai^es the solida by mechanical sluicmg through a bottom 
channel provided with ports making it possible to use a press continuously for many 
months without opening or changing cloths Sluicmg is effected by a senes of nozzles 
m a rotatmg pipe or bar running the full length of the press and requires 3 to 5 tons of 
water per ton of solid, depending on the character of the latter, much of this water 
may be recovered, if desired, by a thickener or rotary filter While the first cost of 
this filter IS comparatively high, the treatment requires a minimum of labor ^‘th 
granular slime, a 4-in frame is suitable, if mrtiemely fine or flocculent, a 2- or 5-in 
cake 13 preferable Center washing may also be used, in which ease the cake is 
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made to fill the frame eompletely, and air and solution are applied through the central 
opening in each cake instead of passing crosswise through the frame. In this case 
the cake is loosened by applying air for a short time behind the cloths prior to 
sluicing. 

Leaching in the press is essentially similar to gravity leaching of sand, but much 
more rapid, occupying hours instead of days. For instance, with Homestake ore, the 
coarser mill sand yielded 70 per cent of its gold by leaching in a 7-day cycle; if reground 
this jdeld increased to about 80 per cent, the finer portions of the sand yielding 90 
per cent. The slime and fine sand treated in the Merrill press yield 90 per cent in a 
cycle of 8 to 10 hr., of which 1 hn is consumed in filling and one in sluicing. The 
operating cost in each case is about the same. 

The Sweetland press has a cylindrical shell, opening by a hinge, the circular plates 
being tipped for discharge. 

Simple Decantation. — ^In this process of slime treatment the material was agitated 
with cyanide solution and allowed to settle; the clear supernatant liquid was decanted 
oil by a swinging pipe or flexible hose supported by a float that kept the inlet near the 
surface. This liquid was replaced by barren or low-grade solution or water; mixing, 
settling, and decantation were then repeated, and the same cycle might be repeated 
several times. The first dccantate was always precipitated, sometimes the second 
or third, and the barren solution used with later decantates or washes for the make-up 
on a succeeding charge. The thickened residue, including more or less low-grade 
solution, was finall5' run off to a dam, or in some instances filtered. Some liquid 
separated on the dam and was sometimes pumped back for use in washes. 

Successive agitations were carried out in the same vat — using mechanical agitation 
often aided by air — or, in a series of vats, one for each stage. In the latter case time 
was saved by hydraulicking the settled slime with solution or running it by gravity 
into a vat already containing solution, or, if the vats were on a level, a centrifugal 
pump was used with arrangements for drawing in a certain proportion of air for o.xida- 
tion. Lime was commonly added to facilitate settling. 

The process was adaptable to e.xisting shallow vats by addition of an arm or 
paddle agitator. In South Africa, large shallow vats were used with bottoms slightly 
coned, but it was found that, with increased depth, air agitation could be advan- 
tageously substituted, and this led to the development of the extremely deep Pachuca 
tank by F. C. Brown at Komata Reefs, New Zealand, in 1902. 

The Pachuca may be 10 X 30 X 45 ft., with a central air lift one-tenth the diameter 
and a cone bottom inclined GO deg. In addition to the lifting air, a second small pipe 
was added for stirring settled slime, and later a spider or movable set of radial pipes 
surrounding the air lift for the same purpose. The air outlets were valved or covered 
with flexible rubber to prevent entry of slime when the air was cut off. 

At Waihi the Brown vat was used for crushed ore in connection with the Moore 
filter; at Goldfield and Treadwell it was used for fine-ground concentrate, and the final 
removal of solution was effected with a Kelly filter press. 

Continuous or series treatment (not to be confused with countercurrent) was 
first used bj' Grothc and Mennell in 1908. The cyanide pidp is transferred through 
a series of three to six Pachuca tanks, maintaining it in agitation, thus saving the time 
occupied in cmptjdng and filling, settling and stirring, and avoiding loss of head, 
except a few inches between successive tanks. The connecting pipes between adjacent 
tanks are set at a downward angle of about CO deg., with an intennediate section of 
rubber hose. Mtcr leax-ing the agitation system the pulp passes to a suitable filter, 
an intermediate storage tank being usually provided in advance of the Moore and 
Butlers filters, which have been much used. This is unnecessary with rotary filters, 
which are automatic and almost equally effective. 
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By keeping the outlet at a suitable distance from the surface, any cousideiaUe 
accumulation of sand is prevented, a certain ftccumulation of sand m the eyatem 
IS desirable, giving the coarser particles a longer treatment time than the average 
Shallower agitators, as the Dorr, Ikent, or Parral, may be used, the discharge may 
also be selected by other means Short circuiting of some particles must inevitably 
occur, but m a senes of tanks the probability of this is decreased 

The intermittent vacuum filters (Moore, Bnttera, etc ) and pressure filters (Burt, 
Kelly, etc ) require more attention, but are more flexible in application, as treatment 
can be completed in them, as well aa washing and dewatering, rotary vacuum filters 
(both the drum type, Obver, and Portland, an<h the American or disk type), are 
practically restricted to washing and deuatering Dewatering may be carried by 
any of these filters to about 25 per cent moisture 

In the Kelly system the agitators are followed by two sets of rotary washing filters 
in senes, the cakes discharged from the first set are repulped with wash solution 
or water in intermediate mixers to a liquid ratio about 1 1 The loss of dissolved 
value m the final cake is thus minimiaed 

Continuous countercurrent decantaboo, an adaptation of a well known priu- 
ciple,' was attempted in cyanidmg by Itandall (South Dakota) in 1901 and by Denny 
(South Africa) m 1903, using cone-shaped agitators It was made a practical success 
by the application of the Dorr thickener, a aeries of three to five of these bemg used, 
together with a number of agitators, the ore being usually crushed id solution 
After leaving the firs t thickener, the partly thickened pulp passes through the group 
of agitators, which may be in senes or senes parallel, and then through the remauung 
thickeners and is discharged with or without filtration By setting the last thick- 
ener highest, and the others in steps leading to it, the decanted solution flow shack by 
gravity m the opposite direction to the solid, while the thickened pulp is transferred 
by diaphragm pumps If on a level, the solution may be moved by air lifts Excess 
solution from the thickener is precipitated and returned to the second or thud 
one from the end cyanide is added to one of the agitators 

Points essentia) to success are solution of the maximum gold or silver before leav 
mg the agitator system and efficiency of settling in succeeding thickeners, to at least 
50 per cent solid if possible, in most cases, and always if the percentage of solid m 
effluents is under 50, the final discharge should be Seated on a rotary filter to reduce 
soluble losses Underflow solution is always slightly richer than overflow, owmg to 
some diMolvmg and to difiusion of adsorbed or absorbed solution 

The flow sheet of United Eastern mill shows conditions prevailing with a pulp 
difficult to settle Theory and practical applications are discussed by Eames,* Dorr 
and Dougan at Elko Prmce,’ and W O North at United Eastern ‘ 

'The countercurrent pnocipIesUowstfaeotigJDsJ ore to be treated with soli tion fairly rich in precioiu 
metal, but wteo partly ohauated it lavtt eome la contact with poorer aduljona Bnishing either with 
rrash water or with aolution carrying only tracea of value The valuable content of the reagent abould 
be aa eloaely aa poaeible proportioned U> that eitnctable Iroin the ore jt meeta. 

An approach to thia ideal le the conveying of cruabed ore through a launder or horiiontal pipe while 
a slow etream of cyanide aoUtion travefa m the opposite direotion Mere prolonged agiUtioO or the 
continuous passage of pulp through a aenes of a«itaton without a countercurrent is entirely opposed to 
this pnnciple the advent becoming enriched as the ore u impovenahed. 

In any continuous system the time sn average particle remains m any thickener or agitator is found 
by dividing the weight of pulp passing hourly tnto the total weight of pulp contained in that unit Tb« 
arrangement (senes or parallel) of any group of unite does not therefore affect the average time occu 
pied by the pulp in paasing the group Lengthening out the senes of units decreases the probabihty 
of the rapid escape or short circuiting of any partaele (Cf pp 181 to 184 of the volume entitled 
Principles and Proceases ) 

> Tram A 1 AT E Vo) S7 p 142 
•Tlvi Vol 60 p 84 
* Ibid Vol 68 p 548 
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Residues may be discharged by sluicing where water is plentiful, and in some cases 
carried off by convenient streams, but more commonly require to be settled in dams. 
In some localities substantial dams must be built of concrete or masonrjq or heavy 
timber, but it is more usual to construct the dam from the coarser portion of the 
tailing itself. Sometimes empty cyanide boxes or drums are filled with sand to form 
the initial wall, or cells of light woodwork are similarly filled, or the tailing itself is 
shoveled up to form a retaining wall. The sluiced tailing is then roughlj^ classified in 
such a way as to deposit the coarser material near the dam wall, while the finer settles 
nearer the middle, where a steeply inclined or vertical overflow box may be arranged, 
the overflow level being gradually raised by adding slats when necessary. Where 
possible, it is convenient to have two or three dams or sections, one of which may drain 
and consolidate while another is in use, the more solid portion being then shoveled up 
to form the wall. A fair proportion of clayey material, or of contained lime, makes 
an excellent binder for the heavy sand, so that such dams may be built up on suitable 
slopes to a great height. 

Sand residue may be removed b 3 ’' shoveling through bottom doors or by a mechani- 
cal excavator, such as the Blaisdell, and carried off in cars, or bj’' aerial conveyers, or 
bj' a conveyer belt which may deliver it to an elevating stacker. Slime, dewatered 
bj' a rotary or other filter, may be similarly carried off. 

Or the tailing, sluiced or in cars, may be used for filling the stopes from which it 
originated; if more than a trace of cyanide remains, it maj' be necessary to decompose 
it b}^ addition of permanganate. 

Slime residues, thickened or settled without a filter, may usually be convej’'ed in 
pipes, but require a largo area for satisfactorj’’ collection. 

Watercourses below residue dams are liable to contamination sufficient to cause 
the death of birds and animals unless due precautions are taken, \^^lenever possible, 
it is desirable to pump anj’’ accumulated liquid back to the plant as a matter of pre- 
caution, as well as of economy on account of contained cyanide and precious metal. 

“Dissolved values” carried to residue dams behave differently according to 
climatic conditions. In arid regions, evaporation takes place rapidly and salts efflo- 
resce at the surface, forming a thin laj^er of much enriched material — in some cases 
worth .$100 per ton — which may be collected from time to time by careful sweeping or 
scraping, and returned to the plant. Where the rainfall is fairlj’ heavjq the surface is 
usuallj' impoverished; in some cases reprecipitation takes place on organic matter 
near the floor of the dam, in others some recoverj”^ maj' be made by precipitating the 
seepage bj’ zinc boxes or, if acid, bj' scrap iron. 

Similar dams maj' be used for the storage of untreated tailing intended for subse- 
quent treatment. These should be constructed with a view to the reclamation of the 
tailing, removing trees and other obstructions, leveling the bottom, and excluding 
organic matter when possible; sand and slime may advantageously be segregated. 

PRECIPITATION 

Electrolysis as a mode of precipitation attracted many inventors as it seemed 
reasonable to e.xpect a large measure of regeneration. Siemens & Halske used 
multiple iron anodes and thin sheet-lead cathodes, which were to be removed and 
cupeled after accumulating a suitable amount of gold; the current was of low voltage 
and a density' of 0.04 to 0.06 amp. per sq. ft. The iron anodes were encased in hessian 
(burlap), but much Prussian blue and other bj'-products complicated the process, 
and the loss of iron was 0.3 to 0.5 lb. per ton treated. The main difficulty' was the 
excessive eJectrode area and tank volume required approximately to exhaust a solu- 
tion, the electrodes being 1 to 1.5 in. apart and 20 sq. ft. or more in area. 
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Buttera modified tbo process bj using tinned iron cathodes and much higher cur- 
rent density, Andrcoli uvvented anoclea of Icid coated witli leatl peroxide, Covipct- 
Coles used anodes of peroxidiaed lead and calhodts of aluminum, from which the 
deposited metal waa to be stripped in sheets 

Several inventors attempted lo precipitate the gold as an amalgam by using m 
cathode a laj er of mercury or an amalgamated copper plate Some filtered the aolu 
tion, others attempted to precipitate on plates siiapcndcd m the pulp during agitation, 
some added common salt to increase the conductivity, but in no case ivaa entire sue 
ceas attaineil Pclatan and Clenci introduced several apparatus for this purpose, and 
others were dc\nscd by Itiecken, Hendrjot, Oliver, Mumford, Ilebaus, and Nonega 
Sodium and Sodium Amalgam — The ideal precipitant for gold and silver from 
cyanide solutions would be metallic sodium, completely regenerating the alkaline 
cyanide 

No + NaAu(CX)» = Au + 2NoCN 

Attempts to use this reaction by means of sodium amalgam have not met with 
practical success MoJIoy proposed lo make metallic sodium by elcctroh-sia of NsjCOi 

solution with a mercury cathode communieatuig with and diffusing mto a body of 
mercury kept in contact with the cyanide solution, others sprayed sodium amslgam 
through a riauig stream of solution, or kept it moving by means of amalgamated disks 
Aluimnum and ziac stand next to sodium in the line of available positive metals, 
and have proved the most practical precipitants for gold and silver Each replaces 
silver in solution, but aluminum forms no double cyanide and requires the presence 
of some free alkali The equation 

A1 + 3NaAg(CN)i + SN'aOH » GNaCN + 3Ag + .UCOH), 

indicates the complete regeneration of NaCN and the foTmatien of alumina, which, 
however, dissolves in baOH to form an aluminate, which may be assumed to be 
NaAlOi The XaAIOj reacts with CaO m solution to form insoluble CaAliOt Cold 
IS not readily precipitated by alummum, unless a fair proportion of silver is present, 
mercury is, precipitated but copper is not 

Aluminum dust has been successfully used in silver nulls at Cobalt, it is fed m a 
manner similar to zinc dust, but must be retained m a special agitating tank to 
increase the time of contact Hamilton's system, uv use at Butters’ Divisadero plant, 
mvolves the removal of calcium by o minimum of soda ash prior to adding alumicum, 
the aluminum passmg mto solution bemg later thrown out by lime used m the miU- 
Hamdlon states that m practice, 1 part of aluniinum precipitates only 3 of silver m 
place of the calculated 12, the difference being mainly due to a reaction with NaOH 
to yield hydrogen Alumina m the precipitate makes refining difficult 

With zme, the essential reaction is, similarly, a replacement of gold and silver, 
the zme gomg into solution as doable cyanide 

Zn + 2NaAu(CN)» = Na,Zn<CN). + 2Au 

No regeneration is apparent, but the double cyanide thus formed has a marked solvent 
action on gold and silver, which is increased by the presence of free alkali up to a ratio 
of about 4NaOII for each molecule, or about two and a half tunes the weight of zmc 
Precipitation 13 complicated by side reactions, especially the evolution of hydrog^ 

by reaction of ZnwithNaCN and NaOHfotming additional NasZnfCN)*aiidbajZnOi 

(zincate), this H further reacts to form sulidiide by reduction of NaCNS and other 
sulphur salts, the NajS then precipitating Pb, Hg, or Ag as sulphide instead of mctiu 
Some precipitation of Hg, Cu, etc , is dne to direct action of nne Christy and others 
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have ■written equations purporting to show a definite proportion between Au and H 
produced, but there is no fixed relation. 

Zinc shaving was recommended by MacArthur and Forrest for a "metallurgical 
filter” after testing various forms of zinc. U. S. patent 418138 (1889) describes a 
vessel or series of vessels, with perforated false bottoms, carrying a sponge of “filiform 
zinc” cut by turning tool from a series of zinc disks, solution being arranged to rise 
tlirough each section of a set of boxes or compartments. 

Zinc boxes are made of wood or steel, occasionally of cement, sometimes in units 
but usually in a series of five or six similar compartments, each with a false screen 
bottom, the new zinc being added at the lower end and moved up as it disappears 
from the upper end. Each section usually has a plugged bottom hole communicating 
with a pipe or enclosed launder which leads to a tank or receiver for use at the cleanup ; 
the top is often covered with coarse screen as a precaution against theft. At .a 
cleanup, the fine material is shaken down and washed through the screen bottom, and 
drawn off or washed down to the receiving tank, from which it is pumped to a small 
filter press. A considerable amount of precious metal is held back by the residual 
zinc moved to the head compartments. Some “short zinc” often has to be separately 
treated. It is advantageous to increase the space beneath the false bottom of the 
head compartments. The actual zinc-filled space usually recommended is 1 cu. ft. 
for each ton of solution daily precipitated, but in practice it may be one-quarter to 
double this. Five compartments are usually sufficient, but it is advisable to keep an 
empty compartment at the tail end. 

Suitably packed, a cubic foot of fine zinc shaving weighs about 6 or 7 lb., but the 
coarser material used for silver may weigh 14 lb. It is now made by soldering together 
sheets of rolled zinc and coiling this closely on a roller or mandrel, which is then set in a 
lathe and cut by a chisel making an oblique cut at the ends. It is desirable when 
cutting to wind the thread into hanks of a size to fit the boxes in which it is used. 

If the sha^^ng is assumed to be a continuous rectangular strip of width a and 
thickness h in., the surface exposed by 1 lb. of zinc is 

0.055 sq. ft., or nearly if thin 

If the section is not rcctangrdar, but a parallelogram of angle A, this must be multi- 
plied by coscc A, 

Zinc dust as a practical gold precipitant was first used by Sulman at Deloro, 
Ontario, added intermittently to a rising stream of solution in an inverted cone, 
and passing to a filter. Later lYaldstein and others added it by sprinkling it dry or 
ns an enudsiou in large charges upon vats of solution in a state of agitation, which 
was then pumped through square filter presses. Merrill introduced the practice of 
feeding it continuously to a moving stream of solution and using a triangular filter 
press; this system is now in use at nearly all the larger plants on the American conti- 
nent, and is graduallj’ displacing shavings elsewhere. 

Feeders of several types are in use. One of the best is a slow-moving horizontal 
belt, on which a charge sufficient for several hours is spread in a uniform layer; this 
falls into a small mixing cone through which a trickle of auxiliary solution conveys it 
to the pump suction pipe. Another is a hopper at the outlet of which revolves a 
roller or pulley which removes a narrow ribbon of dust, the thickness of which is 
regulated by an adjustable slot. Or the zinc may be removed from the hopper by an 
augerlike liorizontal screw. These feeders require a jarring mechanism to prevent 
the dust from adhering or bridging. Sometimes a miniature tube mill is added as a 
mixer. For accurate measurement it is convenient to have duplicate tanks of 100 or 
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200 tons capacity, which are precipitated alternately, but a large single tank ma> be 
pumped continuously while aolution fiowB into it 

Abandoning air agitation effected a considerable saving of zinc, but the most 
marked improvement in precipitation has been the Crowe process of removing air 
from the solution by passing rt through a vacuum tank on its way to the pump and 
just before introducing the zinc Percolation through sand clarifiers containing some 
finely divided iron and pj rite has been recommended In prccipitatmg gold, the 
practical minimum of zinc dust is now between 0 1 and 0 05 lb per fluid ton, or 25 to 
50 parts of zmc per milhon. of solution tVhen starting a press after a cleanup, it is 
advisable to add 50 per cent or more dust m excess of the no'mal charge, this is 
gradually diminished in successive charges until the regular amount is reached 

If zinc dust consists of equal spherical particles of diameter d in 1 lb exposes a 
surface of 0 165/d sq ft , and contains 7 544/d* particles At an average diameter of 
1/10,000 m , 1 lb exposes 1650 sq ft,and011b spread through a ton of solution 
gives some 13,600,000 particles to the cubic mdi 

For complete reaction 1 unit weight of Zn precipitates 6 03 umts Au, 3 30 Ag, 
or 1 93 Cd, but the efficiencies obtained in practice are often extremely low, some- 
times only a traction of 1 per cent with low grade gold solutions, with rich silver solu 
tions SO per cent may bo reached, if complete exhaustion of the solution is not aimed 
at Gold solutions can usually be precipitated with amc dust to withm I cent per 
ton, with less expenditure of zme than shavugs require 

The best sine dust was formerly unpotled, it usually contained about 2 per cent 
lead and often some cadmium , a much more efficient dust is now made m the United 
States, practically free from foreign metals and extremely uniform m size, the finer 
grades nearly all passing a 300-mesh aieve It invariably contains oxide, often 
between 6 and 10 per cent ZnO, but this is not visible under a microscope, which shows 
uniform bright sphenclcs The thickness of a surface layer of 10 per cent ZnO on 
spheres would be less than one-fiftietb the diameter Extreme fineness is advan 
tageous with low grade gold solutions, but not necessary with the higher metal con 
centrations obtained from silver ores 

TVith zinc dust, 1 aq It net filler surface suffices for J 5 tons (or 50 cu ft ) soMion 
per day, or 6 tons per hr per 100 sq ft , with clear solutions a press may be run for 
long penods at double this rate Colloidal suspended matter soon increases the pres- 
sure and reduces the pumping rote For goJd solutions Z-m distance frames are 
suitable, 3- or 4-ia for siIvct On opening a press moat of the cake falls into the 
wheeled tray placed beneath, the remainder is easily removed by scrapers 

The practical efficiencies obtained with *mc dust, and the accumulations of zm® 
in solution, have averaged about the same aa with shaving 

The dust process involves a more expensive installation than sine shavings, but 
has the advantage of greater compactness and cleanhncss, and involves less labor 
m maintenance and cleaning up as well as less risk of theft The periodical cleanup 
13 absolute, while a holdover of several thousand dollars’ worth of precious metal 
commonly occurs with zinc shavings, and makes it impossible to compare the actual 
with what IS often called the “tbcoretical" recovery After a destructive fire, pre- 
cipitate m a filter press has been found mtact, while zme boxes have entailed great 
difficulty m the attempts to recover tbeir contents At a gold plant a press occupying 
a floor space of 5 X 14 ft can easily carry a month’s accumulation of $40 000 
The comparative cost of the two systems at any time depends, of course, upon the 
wage scale and the relative prices of zinc dust and spelter The Crowe process effects 
an economy in both 

Zme in other forms has occaatonally been used as a precipitant, such as sma 
disks, slugs, or balls in a rotating cylmder or pan through which solution passed 
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Sodium sulphide, Na;S, does not appreciably affect gold or copper in cyanide 
solution, but precipitates silver as AgsS from NaAg{CN)!, at the same time regener- 
ating NaCN and carrying down some gold in the presence of a large proportion of 
silver. Giving to the reversibility of the reaction, either precipitation must be 
imperfect or a slight excess of NajS must remain in solution, which is an objection 
to its use, as is also the necessary further treatment of the precipitate. It was 
patented by Janin and Merrill in 1894, but was not used until adopted at Nipissing 
as a substitute for the expensive aluminum dust. The precipitate is here reduced 
to metal by the Denny process, by contact with slugs of aluminum in a tube 
mill. 

Carbon as a Precipitant. — Graphite has no precipitant action whatever on gold or 
■silver in cyanide solution, nor has wood fiber (cellulose). Charcoal, partly burned or 
charred wood, some varieties of decaying wood, and some of the carbonaceous material 
found in certain black or “graphitic” shales and slate.«, all precipitate gold from its 
solutions, some of them rapidh^ and in some cases they may prevent its solution. 
Freshly burned charcoal is most energetic; after long storage it is much less effective, 
but the precipitating property maj’' be largely restored by reburning. It is usually 
assumed to be due to occluded gases (CO or H), but nothing has been definitely deter- 
mined on this point; these gases and the hydrocarbons in their ordinary form are quite 
inert. Coke and some varieties of coal have some precipitating effect, and in South 
Africa Caldecott patented the use of partlj"- burned coal as a precipitant. In Aus- 
tralia, charcoal has been used to some extent as an actual precipitant, but the large 
volume required makes it inconvenient, and the final recovery of the gold is trouble- 
some. Silver also is less completely precipitated. 

The discover 3 % during the First World War, of means of activating charcoal, and 
the known high activity of coconut shell and other dense charcoals, and of kelp char, 
and the fact that fresh pine charcoal is almost equallj' effective as a gold precipitant, 
all suggest that charcoal has some practical possibilities if a better mode of application 
is discovered. Agitation vnth finelj'" powdered, recently burned charcoal followed bj’’ 
filtration gives promising results on the small scale. 

Edwards at Yuanmi, Western Australia, used three Butters-type vacuum filters 
in series, each of 260 sq. ft. surface and charged with 300 lb. of ground charcoal; this 
system precipitated 280 to 420 tons dailj', leaving 7 to 8 cents gold in solution out of 
an original 83.25. One filter was renewed every three days, making consumption 14 
to 13 lb. per ton. The dried product was burned arid the ash fluxed in crucibles with 
borax, sand, and salt. 

Refining. — Drj' cyanide precipitate may contain up to 70 per cent metallic zinc 
or ZnO; that obtained bj' zinc dust from gold ore averages about 25 to 40 per cent, 
that from rich silver ore much less. K precipitant and solutions were lead-free, 
precipitate from rich gold or silver solutions may be melted directlj' in crucibles with 
borax; it is more commonlj' acid- treated to remove zinc or sometimes roasted in iron 
muffles ns a preliminary step. The removal of zinc bj’’ distillation in Faber du Faur 
furnaces has been used experimentallj’. 

Borax is the most important flux, best used as crushed borax glass; the crystals 
contain 50 per cent of water. Soda a.sh and silica arc also useful, depending on the 
impurities to be fluxed off; bicarbonate is sometimes used in place of soda a.sh, though 
more expensive and less efficient. Kiter or sodium nitrate may be used to oxidize 
zinc, sulphides, etc.; m.anganese peroxide maj' be substituted, as it gives off o.\wgcn 
more gradually; oxidizing agents attack graphite crucibles, and also tend to carry 
silver into the slag. Cla.v liners may be used to protect the crucibles. Fluorspar 
helps to maintain fluid slags. Litharge is used only when cupellation is the final step 
in the refining process. 
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Lead present in zinc or added to solatiooa appears in precipitate as metal or PbS 
and sulphuric acid removea but little of it Acid treatment, if followed by thorough 
washing, removes most of the zinc and calcium, and part of the copper It is earned 
out in a lead Imed tank with a mechanical agitator, water being first introduced and 
strong acid added gradually to prevent boiling over A suction fan is necessarj to 
remo\ e fumes, especially HCN, HjS, and AsH«, and care is also necessarj on account 
of the hydrogen evolved When action ceases, more water is added, the liquid is 
decanted on a filter or through a small filter press, the precipitate is then trans- 
ferred to the filter and washed and finally dned to a stage where it can be handled 
without dusting Sodium bisulphate, NaUSOi, a by-product of acid works, may be 
used as a substitute for sulphuric acid 

After acid treatment silica cadmium, mercury, and some copper remam with the 
precious metals, and some CaSO« and ZnSO«, mercury may sometimes be profitably 
distilled off after adding bme or metallic iron to decompose HgS On melting with 
reducing agents sulphates are deoxidized, yielding matte, which usually carries silver, 
as well as copper, lead, and iron 

Large crucibles, up to No 400, may be used m tiltmg furnaces fired with oil gas 
or powdered coal sizes 100 and smaller may be poured with hand tongs from wind 
furnaces using coke, etc Electric healing has been but little used In direct fluxing 
the cost of graphite crucibles is a serious item, melting maj also be done without 
crucibles in tilting furnaces hnod with carborundum or other refractory, or large 
crucibles may be set on a reverberatory hearth 

Rich silver precipitate is, at large plants, fused directly on a reverberatory hearth 
and tapped to molds, at Nipissing it is finished on the hearth by air blast refining 
'United Comstock has an oil fired tilting reverberatory 

The Tavener process, developed m South Africa, consists in mumg the precipitate 
with litharge and some sand, and smelting in a small reverberatory or pan fum&te, 
the reduced rich lead is tapped off and cupeled 

At the Homeslake, precipitate, raw or acid treated, is partly dried and bnquetted 
after mixing with a flux of borax, borax glass, litharge, and a httle sihca The 
briquettes are fused m a small Eugbsb cupel furnace on a test of Portland cement 
(three-fourths) and limestone (one-fourth) which is started by adding a httle lead 
the slag is tapped off from time to lime together with some of the reduced lead When 
all melted the surface is cleaned off and the lead cupeled on the same test, returning 
accumulated lead, the final slab of gold is broken up while still hot, melted m cm 
cibles, and cast into bars I^ow grade prccipitato in best briquetted, passed through 
a small blast furnace, and the lead vnpeled 

The cupel slag, matte, and similar by-products are treated m a small blast furnace 
and the lead is either cupeled directly or used to start cupellatiou m the nest run- 
The htharge from the lead processes is ground and used for flux at the next cleanup 
If the precipitate is briquetted andtieatedraw, the increased losses m lead m slags 
etc , offset any saving m acid The holdover m blastfurnace by product lead and 
litharge m less than 1 per cent of » month a run, and the only by-product to be mar 
keted is the impoverished matte from the blast furnace 

In fluxing, 100 lb of taw gold precipitate may give up to 100 or even 200 lb of 
slag, after acid treatment and lead refinmg about the same total of slag and litharge 
together, but the proportions vary greatly with the flux and condition of the 
precipitate 

At all plants large enough to justify the expense— treating, saj, at least 400 or 
500 tons daily— a small lead blast furnace ta an excellent mvestment Not only can 
the by-products of cyanide cleanups— and if necessary the entire cleanup 
briquetting it or settmg it with some binder— be treated economically m such » 
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nace, but all sorts of by-products can be handled at intervals with little or no previous 
preparation, such as mill skimmings, rich pyrite, black sand, iron superficially amalga- 
mated, old copper plates, sweepings, rich slags, and crucible scrapings. An important 
essential is to avoid charging finely divided material, or the blast may become choked 
and the furnace freeze. Fines must be briquetted or set with some suitable binder, 
such as water glass or acid. 

In preparing cj^anide precipitate for refining by means of a cupel or blast furnace, 
the expense is about the same whether a preliminary acid treatment is used or not; the 
use of acid effects an important reduction of the lead losses. If much zinc remains in 
the mass smelted, the slags become stiff from the presence of spinellike compounds, 
and more lead must be left in the slag. If the washing of acid-treated precipitate is 
imperfect, sulphuric acid or sulphate of calcium or zinc remaining, the SO4 becomes 
reduced in the cupel or furnace and matte is formed. 

In many cases the mixture of by-products is almost scK-fluxing, requiring onlj’- the 
addition of a little limestone or assaj’ slag to run freely. Fluorspar is sometimes useful 
in maintaining a fluid slag. In the final furnace by-products, such as matte, slag, and 
litharge, the ratio of silver to gold is generally much higher than in the bullion bars. 

Air and Oxygen in Cyaniding. — The oxygen necessary to dissolve gold is supplied 
by air dissolved in the solution, which is slightly less than that carried by an equal 
volume of water. Additional oxygen may be furnished in leaching by allowing the 
solution to drain low before adding more, and thus entraining air; sometimes air is 
blown for several hours at a time through the filter bottom after draining a charge, 
and it may be similarly blown through charges of slime in the filter press. 

In slime treatment, air thus serves a double purpose, being used as a mechanical 
agent in agitation or air lifting, as well as to aid solution of gold ; when transferring 
pulp by centrifugal pumps, air is sometimes admitted at suitable openings, and one of 
the advantages of the “double treatment” of sand is to admit air freely. 

The oxygen required for actual dissolving of gold is small in quantity. Assuming 
the interstitial .space in sand as 50 per cent, the solution contained in a ton of saturated 
sand (specific gravity, 2.0) would suffice to dissolve over oz. of gold or 1.5 oz. of 
metallic silver, were it not used up by reducing agents, but to oxidize these reducing 
agents (mainly ferrous and sulphur compounds in ore, or organic matter introduced) a 
large volume of additional air must be supplied. In precipitation, the presence of O is 
undesirable; see under Crowe Process (page 328). Deep agitators and pressure filtra- 
tion favor the dissolving of O, while vacuum treatment removes it from solution. 

Excessive use of air is undesirable, as it carries off some HCN due to hj’drolysis of 
KaCN, but free alkali almost entirely prevents this. The CO 2 in atmospheric air also 
tends to decompose NaCN; the CO 2 in 1000 cu. ft. of free air at sea level will decom- 
pose about 0.1 lb. NaCN, or consume 0.00 lb. of CaO, j-ielding over 0.1 lb. of CaCOj. 
It may be removed bj' washing the air with caustic soda or lime water. Accumulation 
of CaCOs on cloth gradually reduces its permeability; this is partiall 3 ' restored by 
treatment with dilute HCl, but each successive acid wash leaves the cloth a trifle less 
effective than the preceding. Air from compressors usually carries oil, which produces 
an objectionable coating on filter press cloths; this oil maj' be excluded bj- passing the 
air tlirough a special filter press of a few large frames. 

At sea level and freezing point, 1000 cu. ft. of drj' air contains 18.05 lb., 8.0 kg., or 
272 troj- oz. of oxygen. But at ordinarj- ranges of temperature and atmospheric mois- 
ture, the 0 actually present is between 90 and 95 per cent of these weights; at higher 
.altitudc.s, the weight of O per 1000 cu. ft. is directly proportion.al to the lower baro- 
metric pressure. It is convenient to rend this by a mercurial barometer and to note 
that tlic pre.‘;sure of a 1-in. column = 0.49 lb. per sq. in., also that the barometer 
falls about an inch for each 1000 ft. elevation from the normal 30 in. at sea level. 
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Barometer, inches mercury 

30 1 

25 0 1 

20 0 

Approximate elevation corresponding 

0 , 

5,000 ft 

10 000 ft 

Pounds per square inch 

14 7 

12 25 

9 80 

Relative solubility of oxygen 

100 

83 3 

1 

66 7 


Soi.trBn,iTr of Oxtgen in Distilled Water When Exposed to Am at Sea Level 
(Winxler) 
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* From an atmo«phere of pure oxigeo the aoIubiUVy is about t 8 tunes tbis Nitrogea from air dis- 
solves at approaimateJj doubJ* these volume* 

» MuUiply these ■etigba by 0 003 lot pouoda O And by tt 020 {or tto> ftnncea O per ion of naUc 


Fot cyamdo kjIuIiom, at «a level, it is safe to assume the solubility of 0 as over 90 
per cent of that in nater (MaeJauno found 87 pep cent for 1 per cent KCN, 50 per cent 
for 10 per cent KCN) and at higher altitudes, to reduce this proportionately to baro- 
metric pressure Thus at 5000-ft elevation the roaxunum solubility of 0 m ordinary 
solutions may be taken as about 8 mg per 1 , or 8 parts per oiiUion, ■which is about 
0 23 ttoy 08 per ton sufficient to dissolve 5 7 oz gold or 3 1 oz metallic silver 
In working with deep tanks and especially at high altitudes, it is unportaat to 
remember that the solubility of oxygen varies with the absolute pressure (gauge -h 
atmosphere) In a sUmc tank containing pulp of specific gravity P, at a depth of 11 ft 
from the surface the gauge pressure (pounds above atmosphere) aOdSSFff Thus 
IQ a Pachuca tank 45 ft deep filled with pulp of specific granty 1 2, the pressure at 
bottom - 0 433 X 45 X 1 2 = 23 4 lb per eq m 

IE this IS at an elevation of 5000 ft , with barotni-teT standing at 25 m (23 X 0 49 
= 12 25 lb ), the solubility of oxygen at the bottom will be nearly treble that at the 
surface 


23 4 + 12 25 
12 25 


2 91 


In Working with thick slime the rate of solution of oxjgen, like that of other sub- 
stances such as gold or cyanide, la much dimmished as compared with thin pulp or 
e'ear solution 

Solutions recently precipitated with sme oc aluminum, especially after vacuum 
treatment, are practically free from oxygen and nearly saturated with hydrogen snd 
therefore, in the most unfavorable condition for rlissolving gold, they should be given 
an opportunity to aerate by cascading spraying or agitation 

Heatmg Solutions — Both the dissolutum and precipitation of precious metal 
as well as the settbng of slime are accelerated by a moderate rise in temperature, 
and systematic heating of solutions has often been proposed It has been advan 
tageously earned out vv ith extremely cold solutions, or to assist in thawing frozen ore 
Heatmg above 50 or 60°F is, however, of doubtful value, as it diminishes the sola 
bility of oxygen and favors decomposition of cyanide 
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When exhaust or cheap steam is available, it may be led through coils or zigzag 
pipes near the bottom of solution tanks or sumps; conveying pipes and launders should 
also be protected from cold. 

The settling of slime and filtering of solution through sand are also facilitated by 
heating; the rate of settling (and, therefore, the capacity of settling tanks, etc.) is 
inversely proportionate to viscosity of liquid. The settling rate of a slime is propor- 
tional to 2' -t- 10, where T = temperature Fahrenheit. Thus if a particular slime 

settles 18 in. per hr. at 40°F., its settling rate at 60° will be ' ^q X 18 = 25.2 in. 

per hour. The same rule holds approximately for filtration rates. 

In crushing ore, most of the energy applied to the machines becomes available as 
heat in the resulting pulp. As the specific heat of most ore and rock is between 

0.2 and 0.25, that of solution being practically 1, it is easy to compute roughly the rise 
of temperature that may be expected. With low water ratios it is often of importance 
as an insurance against freezing. One hp.-hr. = about 2550 B.t.u. and raises a ton 
of water about 1.25°F., or a ton of dry ore 5 to 6°F. 

Fouling of Solutions. — In the earlier days of cyaniding much was said of the 
fouling of solutions, and it was necessary at times to dispose of “fouled” solution and 
make a fresh start. This is now rarely necessary; solutions are used continuously 
for man 5 ’' j'cars without renewal and without material change in composition. The 
dail 3 ' elimination of solution in residues, and in first and last drainings, is an appreci- 
able percentage of the whole stock of plant solution, so that the solution is practically 
renewed everj’- few months.* Zinc is removed to some extent by precipitation or 
adsorption on the ore or tailing. 

Regeneration of the cyanide usuallj’’ lost as a solvent has proved an attractive 
field for invention, but so far has met with comparatively little success. The following 
lines have naturally suggested themselves. 

1. Precipitation of precious metal by a metal simultaneously regenerating NaCN, 
such as Na directly, or A1 indirectly; Zn itself has some effect, as its double cyanide is a 
feeble solvent, rendered more active by the presence of free alkali. Electrolytic 
precipitation maj' be included here. 

2. O.xidation of HONS to HCN + SO, or of NaCNS to yield NaCN -f SO,, the 
latter with alkali forming sulphate. This may be effected by electrolysis or bj-- certain 
oxidizing agents, but the j'ield has alwaj's been disappointing, owing to decomposition 
of the product. In this connection, reference must be made to the Clancj' project. 

3. Neutralization or acidification of solutions; on the one hand, yielding insoluble 
cyanides [CuCN, AgCN, Zn(CN);; CuCNS, AgCNS; occasionally ferrocyanides], and 
on the other, liberating HCN. The precipitates must be separated to recover Au, Ag, 
and part of their contained CN by suitable means; the HCN maj' be removed at least 
partialh- from the solution bj' heat, bj' passing a current of air or gas, or bj' appljnng 
a vacuum as in the Crowe process. Gaseous HCN thus liberated maj^be absorbed in 
a suitable alknline solution to form NaCN or Ca(CN)j, or the HCN in solution maj' 
be fixed by addition of alkali. 

The general idea has been to operate upon "fouled solutions” or on the “low 
solution” normallj' and unavoidablj' thrown away dailj' in some form. The low 

' It j) i» tlie pcrccntaRc of stock solution di.schargcd daily, and x tlie percentage of any substance now 
present remaining in the system after n days, 

legx = nlog(l-j|^) +2 

Thus, Buppewinc 5 per cent of the stock is daily removed, only about 21.51 per cent of nny material now 
in solution will remaifi after 30 da>'9, 4.6 per cent after 00 days, less than 1 per cent after 90 days, etc. 
licnpc. if any radical cliause made in the treatment, such us substituting NaCK for KCN, the solu- 
tions soon rc.sch practical equilibrium. 
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concentiation of solutions in genera! use bas nnlitatfid against the completeness d 
precipitation and volatilization 

Filter Cloth — Many varieties of filter cloth have been used m cyanidmg ore, 
precipitation with zinc dust, and haodlmg acid-treatment liquors Cotton cloths 
of all the three common weaves — ^plain canvas with single or double thread, twill, 
and sateen — have been found satisfactory when the weight of material selected is 
suitable for the pressure and conditions of use The more complicated weave known 
as cham cloth seems to have no sufficient superiority to justify its price Paper is 
not generally to be recommended 

For precipitation it la convenient to use one of two systems (1) a fauly heavy 
cloth backing, covered with light “domestic" or twill, the latter to be removed at 
each cleanup and burned, or washed and re-u«ed once or twee, or (2) two layers of a 
medium-weight material, the outer to be removed at cleanup and either burned or 
washed for re use When re clothing, a new or washed cloth is put next the plate and 
the origmal under cloth replaced above it Occasionally three or four thicknesses of 
very light material have been used, the outer layer being taken off at cleanup and a 
new one placed next the plate 

For filter bottoms of leachmg vats a heavy canvas (such as No 8 or 10-oz duck) is 
desirable and will last one to two years It may be acid treated in place if the usual 
accumulation of calcium carbonate checks the leachmg rate decidedly A similar 
cloth may be used m filters of the Moore and Butters types, for slime presses a similar 
heavy canvas may be covered with a light or medium twiD These may similarly be 
acid treated by using hydrochloric acid, so highly diluted as to avoid attacking the 
iron frames 

The nominal “ounces” rating of canvas refers to the weight of a running yard of a 
standard width of 22 la , the “ounces” may be read du-cetJy by noting the weight m 
grams of a sample cut 4 X7m (288q in.orlgOsq cm) The“number"isepproxi- 
mately obtained by subtracting the “ounces” from 19 Thus if a sample of duck, 4 X 
7 in , weighs 9 g , it indicates “fk>z " duck, or “No 10 ” Figures thus detenomed 
usually agree within one unit with the commercial ratings, but dealers occasionally 
apply the ounce ratmg to the square yard, making tbe nominal weight about 60 per 
cent too high The present tendency is to specify weight per square yard, irrespective 
of the actual width of fabric 

MODIFICATIONS OF THE CYANIDE PROCESS 

Bromocyanide Process — This depends on the reaction 

BrCN + 3NaCN + 2Au «= 2N'aAu(CN), + NaBr 
the BrCN being added as such, or obtained from bromide and bromate 

2NaBr + NaBtO» + SNaCN + 3H^O, = SBrCN + SNajSO, + 3H,0 

The bromocyanide process has been used in Western Australia, and to a lunited 
extent m Canada and Colorado An excellent r4sum4 with bibliography is given 
by Stevens and Blackett ^ Bromocyanide can be used to advantage only on two 
classes of ore (1) ores containing minerals such as tellundes, more soluble with 
tha reagent than with, plain cyanide, (2) ores requiring rapid dissolution of gold 
m order that other substances m the ore oliqll not have time to dissolve and foul 
the solution A pTeliminary treatment with plain cyamde is always advisable 
No appreciable amount of free alkali must be present BrCN itself decomposes 
rather rapidly in solution and also induces wastage of NaCN BrCN is rather 

irrom /iflf.Vol 29 p 280 
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expensive, and so are the mixtures from which it may be prepared (Br + NaOH + 
NaCN, or NaBr + NaBrOj + NaCN), and the “mixed salts” used for this purpose 
are liable to decomposition in storage. Cj'anogen chloride cannot be substituted, 
and ICN is too expensive. 

Gitsham Process. — ^Free HCN in the presence of o.xygen has a slight solvent 
action on gold. This process proposes to use feebly acid solutions, especially for 
ores containing antimony, copper, and other base metals. The effluent solutions 
are to be neutralized by lime before precipitation by zinc, and reacidified with addition 
of enough alkaline cyanide to bring them up to suitable strength. 

Gilmour-Young Process. — This system was devised at a Nicaragua mine to 
utilize the existing Boss process pans for cyaniding rich ore. Copper amalgam was 
made by treating mercury with copper sulphate and iron filings, the squeezed product 
carrying about 15 per cent copper; zinc amalgam was sometimes added. A charge 
of drj’’ ore was ground with cyanide solution and about 200 lb. of mercury for 2 hr. ; 
30 lb. of copper amalgam was then added, and the whole ground 4 hr. longer, when the 
mercury was separated. The squeezed amalgam was enriched by repeated use and 
finally retorted, yielding bullion 700 to 750 fine. 

Diehl and Marriner Processes. — ^Tliesc were evolved to treat the rich tclluride 
ores of Western Australia. The Diehl process consists in wet crushing, sliming, and 
treatment first with KCN and then with BrCN in agitation vats and filter presses. 
The Marriner system involves dry crushing, roasting, amalgamation, and treatment 
of the roasted ore bj' percolation or b 5 ' fine grinding and filter press. There were many 
modifications of each system in use ; the results and costs did not differ greatly, as the 
cost of bromocyanide in one case offset that of roasting in the other. With the wet 
process, concentration was often practiced, and the concentrate roasted preparatory 
to cyaniding. 

The Usher process was an African slime method in which, after one stage of 
agitation, solution was introduced by multiple pipes over the bottom of a flat or cone- 
bottomed tank, and the upper clear portion continuously decanted for precipitation. 
Finallj' the slime was allowed to settle as usual. In one modification of the process 
umber, containing manganese peroxide, was used as an oxidizer. 

The Denny desulphurizing process is used at the Nipissing Mine, Cobalt, to pre- 
pare silver sulphide ores for cyanidation. By grinding them in tube mills with ingots 
or slugs of aluminum and caustic soda, all silver minerals are decomposed, except 
dyscrasite, yielding metallic silver which is amenable to cyanide. At the same time 
Na:S is formed, which can be used as a precipitant. Tlie process is completed by 
agitating the pulp 12 b' m a tank lined with aluminum plates. 

Antidotes to Cyanide Poisoning. — The following materials should be kept at every 
cyanide plant and laboratory; sets should be placed at convenient points on every 
floor at which solutions are handled. 

One scaled bottle (preferabU' a quick-opening "citrate of magnesia” bottle with 
rubber gasket), containing 1.5 g. of caustic soda, NaOH, dissolved in 300 cc. of water. 

One sealed bottle (preferably a 2-oz. wide-mouthed bottle with large projecting 
cork), containing 7.5 g. (}4 oz.) of ferrous sulphate crystals dissolved in 30 cc. (1 oz.) 
of water. This water should be freshly boiled, and the vacant space in the bot tie filled 
with carbon dioxide or hydrogen, to prevent oxidation; the cork must be completely 
covered with melted paraffin or scaling wax. 

One eorked tube containing 2 g. of finely powdered magnesia. 

A large cup, of at least a pint capacity, preferably of white enamelware, which 
will hold the three prcr*ious items, together with a spoon or flat stick for stirring them. 
When required, the ferrous sulphate is to be poured into the cup, followed bj' the soda 
and magnesia, and the whole well stirred and swallowed; no time should be wasted. 
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It 13 desirable to add a rubber stomach tube and a r^oodcn gag, so that the antidote 
may be poured into the stomach of an unconscious patient if necessary 

These materials should be kept in a glass fronted cupboard, easily accessible and 
conspicuously marked, and all foremen, and shift bosses fully instructed m their use 
The soda requires renewal after 2 or 3 years, os it slowly attacks glass The ferrous 
sulphate also oxidizes slowly, but a sm^ amount of y*llow deposit may be ignored, ss 
long as the solution remains strongly green 

Theabovei3kiionnaatheMartmantidote,at\dwa8developedbyDr G J Martin 
and R A O’Brien, of Melbourne, in 1902 Variations of the outfit have been put on 
the market by different dealers, but the equipment can bo easilj prepared at any 
laboratory The essential reaction is the formation of ferrous hydroxide, avoiding any 
excess of caustic soda, and conversion of the cyanide into harmless ferrocyanide 
Among other remedies that have been sugg^ted are hydrogen peroxide (2 per 
cent solution used hypodermically and as a stomach wash), cobalt salts, adrenalin, 
sodium cacodylate, and silver nitrate (dilute solution followed by an croelic of salt 
water and mustard) 

Plant Precautions — An eczematous condition of the skin may be caused by long 
contact with strong cyanide solutions Thia should be avoided at cleanups of imc 
boxes by greasing the hands and wearing rubber gloves in handling wet shavings, it u 
unnecessary to handle solution at other times 

Zinc ehaving and duat, 84\d aluminum dust, are decidedly inflammable Caustw 
soda falling on sine dust reacts with the evolution of enough heat to ignite the liberated 
hydrogen and cause the zinc to smoulder Extinguishers of the carbon tetrachlonde 
type must not be used on zinc^ust fires, as the reaction (Zn + CCU) yields various 
toxic and irritatmg ga«es 

MINOR AND OBSOLETE PROCESSES 

Chlonastion Process for Gold — ^This process wos based on the fact that chlorine, 
in the presence of moisture, converts gold into the trichloride (AuCli), which w 
soluble in water and removed by washing, the gold being then precipitated bj ferrous 
sulphate sulphur dioxide, hydrogen sulplude, or charcoal Coarse gold requires lei's 
contact and should be removed by amalgamation Pyritic ore or concentrate requires 
a dead roast before chlorination, thoroughly oxidized ore may be treated directly 
Basic ores— containing lime and especially magnesia— absorbed much chlorine snd 
might become heated This was checked by roasting with a high temperature at the 
finish, to frit the magnesia with silica Chlorination was suggested by Perej and by 
Plattner independently in. 1848, though Plattner apparently mp.de the first commcr 
cial application of the process to the arKemcal ores of Reichenstein, Silesia 

The Deelken or California process was carried out in comparatively small wooden 
vats with bottom filter of perforated boards, resting on slats and covered with coarse 
gravel and sand, a vat 8 ft m diameter with 3-ft staves would hold about 3 tons The 
crushed and roasted ore was loosely charged by silting m a moist condition to lacih- 
tate leaching, a cover was luted on with clay or dough, and gaseous chlorme gener- 
ated in a lead vessel from manganese dioxide, salt, and sulphuric acid was admitted 
by a lead pipe to the bottom until it could be detected at a hole m the cover In 
practice, liquid chlorine was purchased m steel cylinders After 12 to 36 hr contact 
(adding more chlorine if necessary), water was turned in at the top, any chlorine escap- 
ing at the bottom pipe being led to anotlm vat The yellow solution was run to the 
precipitating vat and the charge washed until the effluent was colorless The residue 
was then shoveled out, if much silver was present it was transferred to another vat 
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and leached there with hyposulphite solution. Some ores, rich in silver, were first 
leached with hyposulphite and then chlorinated. 

The barrel process, used on a large scale in Colorado, involved the rotation of the 
ore in barrels of wood or heavy lead-lined steel, holding 5 to 25 tons, while chlorine 
was generated under pressure in the mass by means of bleaching powder and sul- 
phuric acid. Barrels were often built with an internal filter on one side, consisting 
of pebbles or coarse sand confined by slotted boards and a perforated lead plate. 
After 3 to 6 hr. water under 20 to 40 lb. pressure was admitted by a trunnion and 
washed the charge in 1 to 2 hr. A ton of ore would use at least 10 lb. of bleach and 
15 lb. of sulphuric acid. The ore was charged dry from a hopper and discharged by 
sluicing through manholes in the side. 

The Munktell process consists in leaching the ore with two solutions, one of bleach- 
ing powder, the other sulphuric acid, which mix at the time they arc applied. At Mt. 
Morgan, Queensland, a solution of chlorine in water was similarly used, 100-ton 
charges of ore being leached in rectangular concrete vats, 60 X 12 X 5 ft., lined with 
pitch and provided with bottom filters of sand resting on perforated planks and 
joists. This was superseded by the permanganate-chlorine process. 

The Black-Etard, or permanganate, process employs long contact with a solution 
of potassium permanganate, salt, and sulphuric acid (about 6 lb., 120 lb., and 140 lb. 
to 5 tons or 1000 imp. gal. of water), the color indicating its strength. The original 
Etard formula used permanganate and hydrochloric acid. 

The M ears process is barrel chlorination in W'hich gaseous chlorine is pumped into 
the charge under its own pressure. Thies first employed bleaching powder and 
acid to produce the pressure. Newbery and Vautin used air pressure to accelerate 
the action of the chlorine, and the Pollok patents specify water pressure. Ankeny 
used the more expensive bromine in place of, or in conjunction with, chlorine. Many 
other early patents dealing with chlorine and bromine are described in O’Driscoll’s 
"Notes on the Treatment of Gold Ores.” 

In California, precipitation was usually effected bj"- ferrous sulphate, made bj' the 
action of sulphuric acid on scrap iron. Sulphur dioxide was commonly used in con- 
junction with the Colorado barrel process, generated in iron retorts from sulphuric 
acid and sulphur or charcoal, or hydrogen sulphide, and sawdust filters. Charcoal 
was used as precipitant at Mt. Morgan. The solutions were usually passed through 
boxes filled with scrap iron to precipitate copper or silver before being discharged. 

Boasting was usually effected in California by hand-rabbled wood-fired reverbera- 
tories; elsewhere in White-Howell or Bruckner cylinders. Pierce turret furnaces, 
Merton or Edwards furnaces, etc. At Mt. Morgan the Richards furnace was used, 
cascading the ore from successive shelves. Residues from pyritic ores were often 
ground for paint. 

The Patera process utilizes the solubility of silver chloride in solution of sodium 
thiosulphate, NasSiOj.fiHjO (the hyposulphite of photography) and precipitation of 
silver as AgjS by NaiS. This was suggested by Percy and first applied by von Patera 
at Joachimsthal in 1858. 

The ore is roasted with addition of salt (4 to 8 per cent), part of it being added 
near the finish ; the hot ore is wetted and allowed to stand some hours to favor chlorid- 
izing of the silver. It is then bleached in wood vats with warm water to remove 
base-metal chlorides which also dissolve a little AgCl. Hyposulphite solution is then 
applied and finally wash water, and the effluent run to “base metal” tanks until a 
trace of hj'po is found, then to the silver tanks. The base solution may be precipi- 
tated by Nn:S, or Ag may be thrown down by cement copper, and copper by scrap 
iron, or iron may be used at once. The silver solution is precipitated by sodium 
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sulphide, carefullj avoiding an oxcess, after separating AgjS bj settling or filtration, 
the solution can be used again 

A suitable soh ent is 0 5 per cent of crystalbaed JfajSiOj 5HiO, but up to 2 per cent 
may be used in absence of base metals, 1 ton of 0 S per cent solution dissolves 30 to 
40 oz of sil\er It aUo dissolves PbS 04 and PbCU, adding NaiCOi then precipitates 
PbCOj Sulphates retard solution of silver, free alkali is more prejudicial 

Commercial sodium monosulpfude may be used as precipitant, or a poljaulphide 
(NasS, or NajSs) may be made by heatuig caustic soda with sulphur {see under 
Kiss Process) 

The vats used were generally small, occasionally up to 25 or 50 tons capacity 
The precipitated sulphide was usually filtered m conical canvas bags hung on non 
rings in a frame, a filter press was Bomelimca used The dried precipitate was some- 
tunes refined by charging upon f»«ed lead on a cupel, or might be smelted with lead 
ores 

The Ktss process nominally substitutes calcium thiosulphate and sulphide for the 
sodium salts used by von Patera The precipitant is usually made by boding hme 
and sulphur by means of steam, jaelding polysulphide and thiosulphate 
3CaO + 12S « 2CaS» + CaS,0, 

The precipitated AgjS is therefore mixed with excess sulphur, and thiosulphate la 
added to the solution Starting ongmally with NatSiO* this would gradually be 
replaced b} the calcium salt, but part of (be calcium u usually precipitated by sui 
pbatea as CaSOi, and additional sodium is introduced from salt in the charges Abou^ 
3 lb of lime and 2 lb of sulphur with a ton of water would make enough precipitant 
for 50 to 100 lb of silver 

0 Hofmann states that, with ores contsuiing little or so Cu, tho percentage of 
silver chlondized may be increased by using CuGt (or a mixture of 3 to 4 lb bluestone 
and 0 to 8 lb salt per ton of ore), added by degrees to the pteliminary wash water 
In the Russell process, it is claimed tliat a treatment with “extra solution” con- 
taining some CujSiOi (prepared by adding bluestone to thiosulphate) extracted addi 
tional silver and was much more effective in dissolving gold 

The Augustin process consisted m giving a chloridizing roast to silver ore or matte, 
and leaching with a strong solulion of commoa salt, which dissolves silver cWondc 
to a bniited extent The silver was then precipitated by metalhc copper, and the 
copper by scrap iron The cement copper was then melted and granulated for re-use 
The Ztervogel Process — Argentiferous matte was roasted to form sulphates 
cautiously raising the temperature to decompose those of iron, copper, etc, whde 
Sliver sulphate remained unchanged, and was leached out by hot water The process 
was also applicable to ore 

Bdver sulphate (Hofman and TVanjutoff) bi^ina to decompose at and is 

completely reduced to metal at 923, copper aulphate, stable up to 053, is completely 
converted into CuO at 73G®, zme sulphate at 767, ferrous sulphate passes into basic 
ferric sulphate between 167 and 480% while feme sulphate begins to dissociate at 492 
and 13 completely converted into FcjO* at 560”C AgiSOi dissolves m 180 parts of 
cold or 90 of hot water and la much more soluble in hot dilute sulphuric acid, m cither 
case it IS precipitable by copper, uon, or sulphides 

In the Claudel process, the product of a chlondizing roast of copper pyrites was 
leached with solution of sodium and feme chlondes, which dissolved AgCI, CuCl> 
and some FbCli By addition of Zslt (or Nal) silver was thrown downquantitati'clv 
as Agl, together w ith some Cul and Pbit and any gold that may have dissolved 
The precipitate was separated, washed, and reduced with metallic rmc, yielding 
spongy silver and a solution of Znlj, which was used agam as precipitant 
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Or, by digesting the precipitate of Agl, etc., ■with sodium sulphide, AgzS "n’as 
formed and Nal regenerated as a precipitant. 

Gihh’s process was similar, but employed HjS gas as a precipitant, until about 
5 per cent of the Cu was precipitated, which ensured all the silver being thrown down. 

SILVER AMALGAMATION 

The Patio process was originated by Bartolomd de Medina about 1557, for the 
rich silver ores of Pachuca, and was widely used in Me.Kico and in South American 
coimtries. This process is described at length in Chap. XVII, Chlorine in 
Metallurgy. 

The Patio process was worked for some time in Nevada on Comstock ore, but 
failed owing to climatic conditions, and this led to the adoption of the Washoe or pan- 
amalgamation process. 

The Washoe process, or pan amalgamation, •was developed at the Comstock 
mines, Washoe County, Nevada, the ore being stamped drj’ or -wet, and the pulp 
treated in batches, usually three per pan daily. The pans differed greatlj' in detail, 
having cast-iron bottoms with w'ood staves or sheet-iron sides, and a central cast 
cone through which ran a vertical shaft carrying a muller with cast segmental shoes; 
similar cast-iron dies were attached to the bottom. Means for raising and lowering 
the muller 'were provided by threaded handwheels forming lock nuts at the top of the 
shaft, or by carrj'ing the step bearing of the shaft on an adjustable lever. Three 
curved iron wings were usually fastened to the sides or hung from the wooden cover. 
A steam chamber was often pro'\nded under the pan bottom. 

The charge was usually 1500 to 3000 lb., but might range from 800 to 6000. A 
batch of pulp was run in, after thickening in a wooden tank if wet-crushed ; the muller 
was lowered and the charge ground 1 to 3 hr., steam being admitted to the false 
bottom, or run directly into the pulp by a hose. Mercury was then added, at least 
10 per cent the weight of the dry pulp (often 300 or 350 lb. altogether), the muller 
raised clear of the dies and run 3 or 4 hr. Chemicals were generally added ■\\’ith the 
mercury, usually copper sulphate and salt, sometimes sulphuric acid or metallic iron, 
though the iron was often derived from the wear of the pan castings. 

The pulp was then thinned with water and run to a shallow separator or settler 
with vertical shaft carrj’ing four arms with iron or wooden plows. Hero the 
hulk of amalgam and mercurj' separated and were drawn off at a siphon tap. In some 
cases this stage was carried out in the grinding pan, revolving the muller slowlj*. 

The pulp then ran to an agitator — a deeper pan with wood sides, with four revolv- 
ing arms carrj’ing vertical slats — to settle a little additional amalgam and eoarse 
material, and was finallj' drawn off, running to waste or to a settling dam. All settlers, 
etc., were provided with holes in the sides closed bj' wood plugs for discharging pulp. 
-•Vt the Comstock, 70 to 85 per cent is said to have been extracted from the sulphide 
ore, but at custom mills the usual return was onlj’ 65 per cent of the assaj' value of 
samples taken at the mortar lip. 

Barrel amalgamation (Freiberg process) was carried out in stout wooden barrels 
rotating on a horizontal axis. The ore was roasted with salt and charged in the barrel 
with water and scrap iron, which dissolved silver chloride and reduced it to metal, 
cupric and ferric salts being also reduced to cuprous and ferrous; mercurj’ was then 
added and rotation continued 10 to 20 hr., more water was then added to thin the 
pulp, and after a short period of rotation the mercurj’ was drawn off and the ore 
washed out bj’ a stream of water. This process was used for some time on the 
Comstock lode. 

I'hc caio process or hot pan amalgamation was de-vised bj’ Alonzo Barba in Peru 
about 1609 for rich oxidized silver ore. The cazo, or pan, first used was a small copper 
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pan, the later /oruiuri had tt copper bottom about 6 ft in diameter and C to 8 in thick, 
to which wood staves were fitted Two copper mullcrs were made to revolve 
around it, and a fire was maintained under the bottom Bee pages 625 and 526 for 
a complete description 

The Boas continuous process was an attempt to make the Washoe pan amalgamation 
process continuous, by using a senes of atcam-jacketed pans set on a alight grade so 
that pulp flowed from one to the other and finally through settlers, the mercury 
similarly flowed through a pipe system to a safe (as was done at some of the Washoe 
plants) uhere it passed through a conical canvas filter to separate solid amalgam, the 
filtered mercury being pumped back to the topmost pan 

The Reese River process, applied by StetefeMt to the verj base sulpharsenical 
ores of central Nevada, involved a chloridizmg roast of the ore, wetting and coohngit 
on a floor, followed by a pan treatment similar to the Washoe process A very impure 
bullion resulted A similar system was used in Butte and elsewhere m Montana 
The Combination process, adopted by the htootana Co about 1800, consisted m 
concentrating the gold-silver ore coming from the stamp mill before thickening the 
tailing and treating it by the pan process A great economy in mercury was effected 
by thus removing arsenical copper minerals The ongmal equipment was 50 stamps 
with amalgamatmg plates, 20 frucs, 24 pans, 12 settlers, 5 agitators, and finally 
20 frucs for the pan taihng, which was then impounded 

The hroehnke process conaisted m treating crushed ore in rotsting wooden barrels 
of the Freiberg type, with mercury and a strong solution of cuprous chloride m brine, 
and then adding line amalgam, lead amalgam was used wnth poorer ore The impure 
eopperj amalgam was then purified by treatment with hot brine and bluestone acidi- 
fied with Bulphunc acid, and finally centrifuged and retorted The process la thor- 
oughly desenbed by Schn&bcl 

Conversion Tables for Assay ValuahoBS — In Engbsh-speaking countries the 
weights o! precious metals are usually expressed m troy ounces (of 480 gr ) and frac- 
tions of ounces are stated in decimals, the troy pound, pennyweight, etc , being but 
little used Other nations generally use the metric system for these as for other 
metals, and this system is adopted in many United States statistical reports The 
purity or “fineness” of these metala is expressed either in carats (twenty fourths) or 
in parts per thousand (milliemes), pure gold being designated as 24 k or 1000 fine 
Gold.— The exact value of 1 troyoz of pure gold was $20 671834625323+, corre- 
sponding to the coinage of $8000 from 387 oz of fine gold, or 430 oz of gold 900 fine, 
as the United States standard from 1834 to 1934 It is now $35 00 per ounce Sued 
ard British coinage gold is 22 k or 910 666 fine, and the price of gold in London is 
168 shillings per ounce 

Silver — In the United Stales the price of silver is stated in cents per troy ounce 
of metal nominally 1000 fine London quotations are pence per troj ounce of “sderhng 
silver” 925 fine, which, except for short periods, was the standard for British sfiver 
com from 1066 to 1920 Since 1920, British stiver coins have been reduced to a 
fineness of 500 

1 penny per ounce 925 fine = 2 19 cents per fine ounce 
1 cent per fine ounce = 0 457 pence per ounce 925 fine 

United States silver com is 900 fine, 110 standard o* or 99 fine oz , coming $128 the 
Mmts report the fineness of silver bullion to the nearest one-half part per 1000 
The following foreign or obsolete units sometimes occur in reports South America 
1 marco per cajon varies between IQO and 70 parts per million, or grams per metnc 
ton Russia 1 dola zolotnik) pep 100 poods = 2 71 parts per million 
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Fineness of Bullion and Allots op Precious Metals 


Denomination 

Equivalent in 
milliemes or 
parts per 1,000 

1 

Ik 

41.666 

f 24 k. = 1 lb. troy (England) 

1 24 k. = 1 mark (Germany, etc.) 

4,608 gr. = 1 marc of 8 oz. (France, Spain, etc.) 
8 oz. = 1 marc (France, Spain, etc.) 

16 loth = 1 mark (Germany, etc.) 

1 grain per marc. . . 

1 oz. per marc 

1 loth (silver) 

0.217 

125.000 

62.500 


CoNi'ERsioN Tables — Weights 



Grains 

Penny- 

weights 

Troy 

ounces 

Avoirdupois 

ounces 

Avoirdupois 

pounds 

Grams 

I srain 

1 

0.041666 

0.0020833 

0.00228571 

0.000142857 

0.0648 

I pennyweight 

42 

1 


0.0548571 

0.00342857 

1.5552 

1 troy oz 

480 

20 

1 



31.104 

1 avoirdupois oz. ♦ . . 

437.50 

18.22917 

0.911458 

1 

0.06250 

28.35 

1 avoirdupois lb 

7,000 

291.660 

14.58333 

16 

1 

453.60 

1 mg 

0.015432 

0.000043 

0.00003215 



0.0010 

1 gram 

15.432 

0.643 

0.03215 

0.035274 

0.0022040 

1 

1 kg 

15,432 

043 

32.15 

35.274 

2.2040 

1,000 


Volume and Weight of Fine Gold and Silver 



1 cc. 

1 cu. in. 

1 cu. ft. 

Fine silver: 

Weight: grams 

10.57 

173.21 

299,307 

9,622.72 

Weight: troj’ ounces 

0.339825 

5.5687 

Pino gold; 

Weight; grams 

19.3 

316.269 

546,513 

17,570.39 

Weight; troj' ounces 

0.6205 

10.1680 



Table 1. — Pulp Formulas 

d = density or specific gravity of dry solid (ore, sand, or slime). 

p = specific gravity of pulp (mixture of water and ore, etc.). 

S = percentage by weight of drj' solid in pulp. 

= grams in 100 g., tons in 100 tons weight, etc. 

R = water ratio or dilution of pulp, 
tons water per ton of dr 3 ' solid. 

= grams water per gram of solid. 

V = volume percentage of solid in pulp. 

•= cubic centimeters in 100 cc. pulp 
— cubic feet in 100 cu. ft. pulp. 

F = solid factor. 

•= grams solid in 100 cc. of pulp. 
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■* tons solid in 100 fluid tons or 3200 cu ft of pulp 
= avondupois ounces in 0 1 cu ft of pulp 
kiss, constant for any particular solid under consideration, used to facibtate caleu 
lation, and depending upon the density of the dry sohd 
. lOOd 


1 - R{-p — 1) Sp ~ 
_ R + 1 100 


100(p - 1) 

k 


R + l loo-Sj- -») 

d d 

, 100 _ 100d(p - 1) l(p - 1) 

R + 1 p(d-i) 


dCp - 1) p - 1 ‘ 


F =Sp = 


■^(p-l) 

)£. „ 10<M(p - 1) 
- 1 


T _ F Sp ioo(b - n 

^ 3 ~ 7 ~ 1 - (* - ioo)(p - 1) 


Volume percentage of water m pulp - 100 - V - 100 ~ j - p(100 - S) 

m(d-v) 
" d-l 

Tons of dr> solid per 100 tons water = — » ^00-^ _ 100d(p - 1) 

fi 100 -S d - p 

Fluid tons pulp to yield one ton solid » ~ - ^ + 1 

f p 


sTiPr.fio ^ applicable only to mixtures of solids with liquids of 

■SLV,T^ 1 00, sueh as water or cyanide solot.ona at ordmary temperataies 
dfnpnrt Tonnage —Several accurate methods are available, one 

infprvn? r,(t,rr, ^ of the dried material caught dunng a measured 

of niitn tn lu’ “icasurement of time and the correspondmg volume 

bL^een III 7 the knonn relations 

milrw « t contents of pulp Or one may estimate the flow of 

ured volume ^ n 7^ method and then determine the weight of solid in a meas- 
be made hv ^ t simplest terms, the computations from such data may 
be made by one or the other of the following formulas 


Tons solid per day = pcunds dry solid caught X 43 2 
seconds observed 

Tons solid per day = - ^ p — 1 


= 43 2 X pounds per second 


This formula may be arranged for slide-rule calculation 

where t = seconds required to yield 1 cu ft pulp 
p »= specific gravity of pulp 
d = specific gravity of dry solid 
= a constant for any particular material 
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^ is a constant for ftnyvnluc of rf. 
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{27k)(p - 1) 

Tons solid per day = ^ 

d = 2 5 26 27 28 29 30 

27A: = 4500 4390 4290 4200 4120 4050 

p may be obtained bj a hydrometer m the case of slime pulp, or by weighmg in grams 
the contents of a glass or tm liter flask, or by weighing m pounds the content of a 
bucket graduated to hold 100 lb of water (Such a bucket nia> be 14 in in diameter 
and 20 in deep, in which case the graduation for 100 lb is about 18 in from the 
bottom ) 100 lb water = 1 6 cu ft Hie value of t may be observed with a stop 
watch in filling a 100-lb bucket, but preferably with a much larger container 

. cubic feet per day X pounds per cubic foot 
Tons 80 hd per day = £ 



CHAPTER XII 


HYDROMETALLURGY OF COPPER 

By H. a. Tobelmann* 

Leaching is the term applied to the process of recovering a metal from an ore by 
a solvent or lixiviant and the removal of the resulting solution from the undissolved 
portion. In other words, leaching is the recovery of a metal from ore by a wet process. 

In general, leaching is applied only to ores that are not adapted to treatment at 
an equal or greater profit by the longer estabbshod methods, such as gravity concen- 
tration, flotation, or smelting. It has not yet been applied on a large scale to copper 
ores containing a considerable quantity of precious metals, as the recover}’' of these is 
not high ■with the usual copper lixiviants. Its most extensive application so far has 
been in the treatment of low-grade oxidized ore, in which the copper is largely soluble 
in dilute sulphuric acid. 

The oxidized copper minerals, such as the carbonates and silicates, are readily 
attacked by a number of the more common acids and alkalies while the nonoxidized 
or sulphide minerals are not and must first be prepared by roasting, weathering, or 
other means of o.xidation, cither with or Avithout added chemical agents. 

The leaching of copper ores can be carried out in the follorving ways: leaching in 
place, heap leaching, and confined leaching. 

Leaching in Place.^ — This method is based on the fact that, when an ore body 
containing sulphide is broken up so that both air and rvater have access to the ore, 
the sulphide portion of the mineral is decomposed and soluble sulphates are formed. 
The chemical reactions involved in this transformation of sulphides into oxidized 
forms have been discussed by Lindgren[l]. Tire behavior of sulphides of the same 
kind may be very different, oxidation sometimes not taking place for a long period 
and then again taking place so rapidly as to show decomposition within a few weeks. 
The more porous and more absorbent the gangue, the more rapidly will the ore 
respond to treatment. This method, which consists of treating ore without removing 
it from the mine, has been applied only to exhausted ore bodies and to mines con- 
taining large quantities of ore of such low copper content as to make its remor’al 
unprofitable, and in such a broken-up condition as to be pro'vided with ample crevices 
for the circulation of both air and solution. 

The action is very slow, but the method is inexpensive, the principal operating cost 
being the pumping and distribution of the solution and the iron and precipitation 
expense. The efficiency of the process in any particular case cannot be determined, 
as there is no known method of accurately determining the tonnage and copper con- 
tents either before or after operations. 

The leaching results are obtained by the intermittent circulation of water and air 
through the crevices in the ore. One of the greatest difficulties of the process is that 
the slimes gathered from the ore and the accumulated salts may in time fill these 
crevices and temporarily, if not permanently, protect the exposed ore from further 

* The chapter is a major ro\'ision by the editor of H. A. Tobeimann’s original monograph. 

’ lleferences in this chapter arc to similarly numbered references in the Bibliography at the close of 
the chapter. 
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leaching action Usually, the rate of extractionis quite rapid at first, but it decreases 
continually The solutions from such an operation axe nearly always impure, and 
precipitation of the copper by scrap iron is the only method that can be considered 

Leaching in place isneithemewnorunusualand is recorded to have been successfully 
used on a small scale in Hungary dunng the fifteenth century J Parke Channing[2) 
states that copper uas extracted by this process from the Eureka mine in the Duck- 
town district as early as 1850 According to Philip ArgaUIS], the Cronehane mine 
in l\icklow County, Ireland, was a good example of the apphcation of this method 
In this case numerous small drifts were driven immediately under the gossan, and 
wafer was introduced into the loose gossan on the surface The solution, alter being 
directed from one level to another through stopcs and fillings, uas pumped from the 
lowest level to the surface, where the copper was precipitated Irvingji] refers lo a 
similar operation at the Aznalcollar mines in Spam It has also been applied to some 
of the exhausted mines at the Rio TintolSl The simphcitj and the eSectweness of 
this metliod remained apparently unnoticed m the United States until the spring of 
1923, when the Ohio Copper Co of Utah[CI began the leaching of a large body, esti 
mated to contain about 38,000,000 tons at 0 3 per cent copper, of thoroughly broken 
copper-bearing quartsite The shattered quartzite itself was practically mert to 
chemical action, while the copper mmcrals existing principally m the fissures of this 
matenal were readily attacked by the leach solutions Thus, there was little danger 
of clogging the ore body by decomposition or alteretion products, as is so apt to occur 
in monzonite porphyry ore bodies 

The operation consisted of carefully distributing on top of the caved ore area 
1200 to 1500 gal per mm of solution made up of about two-thirds fresh eater and 
one-third launder tadings solution The solution going on the ore averaged about 
0 3 to 0 4 lb of copper and 8 to 10 lb of iron per thousand gallons This solution 
percolated through the caved ore and was collected at the bottom of the shaft, where 
it was directed to the precipitation launders, situated on both sides of a large haulage 
tunnel The solution entering the launders averaged about 15 to 20 lb of copper 
and 2 to 3 lb of iron per thousand gallons There were two parallel launders, 32 m 
by 32 m by 1600 ft long, in which 97 to 98 per cent of this copper was precipitated 
Additional launders outside the haulage tunnel were provided to precipitate any 
temaitung copper 

It will be noticed that iron was precipitated out of solution during its passage 
through the ore This may have been due to hydrolysis or to the action of the ferric 
sulphate on the oxidized copper minerals m the ore, or both Should this precipitation 
at any time seriously interfere with the percolation of solution, the further caving of 
a small quantity of ore, or acidul&tion of the water, would reheve this condition R “ 
of mterest that sohitioos both going on and coming off the ore were practically neutral 


Clean scrap w as used and, due to the mtcUigcnt operation and supervision, an unusu 
all} high-grade precipitate was the result The average precipitate produced by this 
company analyzed over 90 per cent copper, the impurities being those due to the 
entramed solution and consisting prmcipally of iron and aluminum sulphates The 
cement copper usually produced from such operations will average not over 70 per 
cent copper The production of such a pbnt is necessarily largely dependent on the 

fresh water available The Ohio Copper Co consistently produced some 700 000 to 

900,000 lb of copper per month, or approximately 30,000 lb per day The total 
cost of operation has been pubTished[7] as bemg 6 to 6)^ cents per pound, fob 
York, a cost that is rarely equaled Of this amount, 60 per cent represented the 
pumping and precipitation costs 

liachmg of a mmed-out area at Ray mines in Arizona was begun in Januarv, 
1937, usmg fresh water only as the lixiviant, and shredded tm scrap as the prccipitso 
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Precipitation should be carried on underground when conditions make it practical. 
The warmer the solutions, the more efficient both the leaching and the precipitation 
will be. Also, it is more difficult to pump solutions containing copper sulphate than 
those containing iron sulphate. Efficient precipitation cannot be accomplished with 
heavj' scrap iron like car wheels, slag pots, and old rails, yet this is the practice gener- 
ally tried, resulting in condemning the precipitation of copper by iron in general. 

Heap Leaching. — This method of leaching is probably one of the oldest, if not 
the oldest, of the methods for the recovery of copper from ores. It is said to have 
been used as early as 1752[5] in recovering the copper from cuperiferous pyrite in 
Spain. This method, like the one first described, depends on the natural oxidation 
of the sulphide minerals by continual subjection to air and water. The chemistry 
of this oxidation has been much discussed, but still it is not accurately known[8]. 

Ores, both sulphide and mixed ore, which must be removed from the mine but 
which are too low grade to treat at a profit by any other method, can be treated by 
heap leaching. This is generally carried on as follows; 

Ground with a slight slope is selected. It is cleared of any growths and is then 
rolled and packed with claj' or slimes to make it as near waterproof as possible. Large 
boulders of ore are selected for building culverts and cross cidverts for drainage and 
ventilation purposes, and the drainage is directed to a common point. The ore, 
without crushing or other preparation, is now carefully piled on this prepared area. 
In some cases, it has been found helpful to classify the material to the extent of placing 
the coarsest material on the bottom and the finest on the top as an aid to both the 
ventilation and the solution circulation. The top of the ore piles is prordded with 
distributing trenches. Solution, consisting at first of fresh water and later of waste 
solution from which the copper has been precipitated, is directed over the ore pile. 
The wetting is so conducted that, while a certain section is being saturated with 
solution, other sections are permitted to heat and oxidize. In each passage of the 
solution through the ore, the sulphates that have formed from the oxidation of the 
sulphides are dissolved and washed away. The solution emerging from the bottom 
of the pile is directed to a sump, from which it is pumped to scrap-iron precipitation 
launders, where the copper is recovered as cement copper. The solution with the 
copper removed is pumped back to the ore for further leaching. 

The method is quite simple, but the reaction is very slow. As years are required 
to obtain a commercial extraction, this method can be profitably applied only to very 
largo tonnages. The principal method of recovering copper at Rio Tinto has been 
by a heap-leaching process. Two classes of ore are leached by this method, a pyrite 
and a quartz. When leaching sulphides, the fines and the coarse arc treated together, 
film heaps arc 10 to 40 ft. high. The tops are divided into squares for better solution 
distribution. According to De Kalb[5], at one time there were about 20,000,000 tons, 
occupying about 350 acres, undergoing treatment. The heaps have been placed 
on a gently sloping hillside haffing a naturall 3 ’' impervious floor. About 150 gal. of 
.solution per ton of ore per j'car is required. About GO per cent extraction is gcnerallj- 
made m the first 3 j'cars, while 7 to 9 years is required to bring this up to 80 or 
S5 per cent. It is also said that some of these piles have been under treatment for 
nearlj’ thirtj' j’ears. The pj’rite itself is barely attacked and is sold for its sulphur 
value. 

Some data are also available on operations at Sacramento Hill, Bisbee, where 
heaps containing over 1,800,000 tons of ore were leached. In the first 21 months, 
37.28 per cent of the copper was c.xtractcd at a cost of about 5.5 cents per pound. 
'I'he loss of, and absorption of, water amounted to 24H per cent of the total sent to the 
heap. The first heap (750 X 1800 ft. base) had an analysis of Cu, 0.92 per cent; 
SiOj, C3.5 per cent; Al-O,, 11.2 per cent; CaO, 0.7 per cent; S, 6.8 per cent[51]. 
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Iq leaching the old ■waste dumps at T^yxone, J«ew Mexico, it v.as found necessary 
to direct the leaching water into the dumps under pressure If this was not done 
there was channeling, and test pita showed unleaehed portions Oxidation appeared 
accelerated by alternate w etting and drying Baled factory scrap w as found the most 
satisfactory precipitating base About J 30 lb was consumed per pound of copper 
recovered[52] 

Heap roasting foDowed by subsequent heap leaching has been practiced Schnabel 
speaks of a process at Rio Tinto which consisted of slowlj roasting elUptical heaps of 
sulphides containing some 1500 tons of ore After roasting, the pile was leached with 
water, whereupon the larger portion of the copper was recoiered The partially 
leached ore was now restacked over boruontal dues to permit of thorough ventilation 
and was moistened from time to time, whereby much of the remaining copper was 
recovered The copper was precipitated b> iron 

Confined Leaching — Bj ‘ confined leachmg," the leaching of an ore m tanks oriats 
ismeant This may be accomplished m two wajs, either b> agitation or bj solution 
circulation, depending largely on whether or not the ore must be finelj ground to 
give a profitable extraction This form of leaching maj be di% ided into the followmg 
principal operations (I) reduction to site, meaning tbe necessarj crushing, grinding, 
and acreenmg, (2) the converting of the copper mmeral to an oxide or sulphate by 
roasting or otherTnae, if it exists in a nonoxidized form, (S) dissolving the copper iw 
the cheapest and most suitable reagent and removing the resultant solution from tbe 
uodissolved portion of the ore, (4) washing tbe treated ore so as to recox er tbe entrained 
copper solution, (5) the precipitation or removal of the copper from these pregnant 
solutions 

Reduction to Size — The fineness to which an ore wiU have to be crushed to give 
a commercial extraction is largely dependent on its porosity, the sue of the zmneral 
gram, the degree of diaseminaUon, and the rapidity with w hich the mineral is attacked 
by the Iwviant used 

In most cases where copper ores are treated bj leachmg, the mineral exists as 
seams or fiUmg of fissures, and fine grmduig is resorted to only when rapid extraction 
13 desirable or necessary Rarely, however, is the copper-bearing mineral so di»* 
eeminated and so surioiinded by an unpervums gangue that fine grinding is nece'caij 
for releasmg the mineral particles m order to give access to the solvent The tipical 
material leached at Chuquicamata is an example of tbe copper znmeral occurnng in 
seams and the fillmg of figures, whereas the material treated at Ajo would be an 
example of the more distributed copper minerals 

The influence o! screen sue on extraction can be seen from the table on page 
349 This table shows the mesh, the percentage of copper in heads and in tailings, 
and the extraction on material of the different me^ for the jear 1920 at the >ew 
Ixirnelia Copper Co 's plant at Ajo Ana flO] During this year sizing tests were 
made of each head and tailing sample, composited monthly and analjzed Ibe 
average for the year was then computed 

The coarser the mesh that can be leached, the less will be the crushing expenses and 
the more efficient the circulation A» the time required to leach an ore depends almost 
entirely on the solution penetration, it can be seen that the larger the particle of 
ore, the longer the time that will be required to dissolve the copper The treatment 
of coarse material entails less expense not only as to crushing but it is simpler to 
remove the dissoh ed copper, there is less copper entrained in the final material (hs- 
carded, and less impurities will be dissolied i»r unit acid neutralized Coarse 
grmdmg will permit leaching by percolation m tanks in which tbe material is gtationar} 
and the lixiviant moving, so that leaching wnH removal of the dissolved copper from 
the gangue are coincident 
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Distkibution of Copper in the A jo Heads and Tails 
Heads, per Cent Copper 


Mesli 

Per cent 

Total 

Oxide 

Sulphide 

(by 

difference) 

Soluble 

Insoluble 

(by 

difference) 

On 3 

26.6 

1.37 

1.23 

0.14 

1.28 

0.09 

On 4 

18.6 

1.33 

1.18 

0.15 

1.23 

0.10 

On 6 

13.2 

1.39 

1.25 

0.14 

1.30 

0.09 

On 8 

9.1 

1.46 

1.30 

0.16 

1.34 

0.12 

On 10 

6.4 

1.55 

1.39 

0.16 

1.43 


On 14 

5.0 

1.62 

1.46 

0.16 

1.49 


On 20 

3.1 

1.75 

1.57 

0.18 

1.62 


Through 20 

18.0 

2.06 

1.82 

0.24 

1.88 

0.18 

Calculated 

100.0 

1.534 

1.368 

0.167 

1,416 

0.118 


Tailings, per Cent Copper 


Mesh 

Per cent 

Total 

Oxide 

Sulphide 

(by 

difference) 

Soluble 

Insoluble 

(by 

difference) 

On 3 

25.8 

0.47 

0.35 

0.12 


0.10 

On 4 

20.1 

0.32 

0.21 

0.10 

mEm 

0.09 

On 6 

12.5 

0.25 

0.14 

0.11 



On 8 

8.7 

0.21 

0.10 

0.10 

0.11 


On 10 

7.2 

0.21 

0.09 

0.12 

0.10 

0.11 

On 14 

4.8 

0.21 

0.11 

0.10 

0.11 


On 20 

3.8 

0.22 

0.11 

0.11 

0.12 

0.10 

Through 20 

17.1 

0.35 

0.19 

0.16 

0.18 

0.17 

Calculated 


0.328 

0.210 

0.122 

0.223 



Per Cent Extractions 


Mesh 

On total 
copper 

On oxide 
copper 

On sulphide 
copper 

On soluble 
copper 

On 3 


71.5 

14.3 

71.1 

On 4 


82.2 

16.5 

81.3 

On 6 


88.8 

21.4 

88.5 

On 8 


92.3 

31.3 

91.8 

On 10 

86.45 

92.8 

25.0 

93.0 

On 14 

87.04 

92.4 

37.4 

92.6 

On 20 

87.43 

93.0 

38.8 

92.0 

Through 20 

83.01 

90.2 

29.2 

90.4 

Calculated 

78.50 

84.9 

27.0 

84.3 
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In treating coarse material, it is acrj important to Jia\e as much of the material 
of the same mesh as is prnctieal, as ovcrsixr will not ho Icachwl and fines will inter- 
fere with solution percolation Hie nccessitj of a uniform product for consistent 
ovtractions resulted in the adoption of dwV tnisherslUl at Ajo 

As a rule, the richer the material to be leaelud, the finer tht grinding necessary for 
economical extraction Houcxer, the amatler the mesh, the greater the quantity of 
slimes produced and the less efficient willbclenehing in tanks felimes, when present, 
cause channeling whiih prevents even distfilmtion of solution and interferes with 
uniform extraction t\ hen fine grinding is resorted to, the material must he classified 
and the sands and sliines BCp irately treated Where no eloMtification anil separate 
treatment la feasible, the product must carry the minimum quantity of fines to prci ent 
interference wil)i percoWlion 

Wlicn finely dixidid material is leacheil, liolh the solids and tic solution arc 
moving and the separation u acromplisln d hy the standard methcNls of ecttling, 
decanting and filtering IVobablj the coarM-st materwl hung treated hj a leach 
ing process in tanks and hy eireulation is at ChuqUKAmata, where CO per cent of the 
material is crushed to pass & 0 371 m Bcreen At Ajo about 27 per cent remains on 
the 0 201 in , or approximately 4 in , aereen 

Tlic importniiee o! proper eruahing may lie seen by the following If the ore leached 
at Ajo hid hten so crushed that the material remaining on 3 mesh were enuihed to 
pass 3 mesh hut not to pass 4 mesh the extraction would hate been increased a Ittlc 
more than 2 per cent, or approximately 0 C Ib of copper per ton of ere 

In Any form of leaching whither with an acid or an ftlknli aohrnt, slimes must be 
Axoided AS much ax jM^sible 

Ondstlea or Roatbag of Solphides — As has already heea stated, copper in an 
Dxiducd form is quite soluble while in the eiilphide form it is not Boasting, which 
la cxscntially oxidation, is resorted to and orm that arc proposal to l>c treated by a 
wet process and that consist of alt or part sulphides must l>e masted 

During roasting sulphides are not only oxidiied or ronterted to sulphates but 
under proper conditions a largo part of unde«irnblc clenienfa, hki arsenic, antimony, 
and bismuth, can bo \ olatiUted llcat-treatmctu, such ax ro.«lmg or thorough dohj - 
drating is an advantage to many ores, making tin impurities less soluble and leach- 
ing and filtration less diflicult 

To obtain the best results the proper roosting conditions must he determined 
for each ore The literature on the subject w extenuve and covers a great many 
different conditions It has been found possible under proper conditions so to roa«t 
an ore as to convert practically the total copper present in n mixcol ore to a water- 
soluble 8ulphatc[12] 

Roasting is frequently carried on in the presence of, or with the aid of, a reagent, 
usually sodium chloride, or common salt, wuh the object of converting the copper 
into a more soluble chloride and the silv rr into a more soluble compound Roasting 
with sodium chloride, however requires careful rigulnlion of temiierature, since, 
under certain conditions of temperature and certain ratios of salt and sulphur, the 
coppermaybcttlmost completely volatilised (sec Chap \A II, Chlorine in Metallurgy) 
Dissolving the Copper — Many lixiviants have been proposed for dissolnng the 
copper m an ore These include both acid and alkalies and are m order of their 
importance, sulphuric acid aentnonu and ammonium carbonate feme sulphate, 
sulphurous acid, ferric cliloride, cupnc chlondc, hydrochloric acid, chlorine, and 
nitiic acid 

Of these, sulphuric acid is the cheapest and the solvent most commonly used 
It reacts readily with the oxidized copper minerals, forming copper sulphate Its 
action on the copper sulphide minerals is practically negligible It is, unfortunately, 
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also a ready solvent for many other constituents of ores in which the copper minerals 
occur — in some cases, to such an extent that it cannot be profitably used. It is always 
used as a dilute solution, probably never exceeding 10 per cent and seldom exceeding 
5 per cent, depending upon the grade of the ore, the time of contact, and the tempera- 
ture of the Ibriviant. Sulphuric acid has a selective action for copper and in very 
dilute solution will react with copper in preference to the other constituents of the ore. 

It has long been recognized that in the leaching of copper ores, as in cyaniding 
gold ores, the product of the time of contact and the solution concentration is a 
constant. In other words, if a given ore is leached on a given mesh for 8 days with 
an average acid concentration of, say, 2.5 per cent, the same extraction will be obtained 
as when leaching this material IG days with half the acid concentration, or 1.3 per 
cent. The important fact, however, is that in the case of the greater concentration 
only 50 per cent of the acid was used in dissolving copper, while more than 75 per 
cent was used when using the lower acid concentration. In other words, the lower 
the acid concentration, the less impurities will be dissolved. In leaching with sul- 
phuric acid, the acid is one of the largest, if not the largest, item of expense, and 
when electrolysis is used to precipitate the copper, much of the acid combined with 
cloments other than copper is permanently lost. Impurities are objectionable not 
alone from the point of excessive acid consumption, but also because of their accumu- 
lation when the method of precipitation is such that the solution may again be used. 
Also, impurities may accumulate in a solution to such a point that it will be no longer 
efficient and it will have to be discarded. The largest leaching plants operated, Chile 
Copper Co. at Chuquicamata, the now abandoned New Cornelia Copper Co. plant at 
Ajo, Ariz., and Andes Copper, at Potrerillos, used dilute sulphuric acid as the leaching 
agent. 

The subject of sulphuric acid leaching processes would not be complete without 
reference to the excellent process devised by Grecnawaltl29]. While this process is 
very similar in many respects to that used at Ajo, each was developed independently. 
The Greenawalt process has two outstanding features. These are (1) the continuous 
reduction of the ferric sulphate with sulphur dioxide by circulating the cell solution 
in closed circuit with the reducing apparatus; (2) the precipitation of the copper in 
the discard solution by means of hydrogen sulphide instead of with scrap iron as at 
Ajo. 

This process is applicable to oxidized as well as to roasted sulpiride ores. By this 
continuous reduction feature, Greenawalt states that he is able to reduce the copper 
content of the solution going through the electrolytic cell to a greater degree than with 
simple reduction as carried on at Ajo. 

Tor the removal of the copper from the solution that must be discarded, Greena- 
walt uses hydrogen sulphide. This is elTcctivc in various acid concentrations and has 
the advantage of leaving the solution in condition for further use as a lixiviant should 
this bo desired. It is verj^ doubtful, however, if the cost of the precipitation of the 
copper from waste solutions by hydrogen sulphide is less expensive than precipita- 
tion by scrap iron. From tests conducted at Ajo, the costs arc about the same, while 
the solubility of the copper sulphide precipitate in dilute ferric sulphate is not appre- 
ciably difierent from that of cement copper. 

The main feature of the Greenawalt process is the continual generation of sul- 
phuric acid. The process, when operated under proper conditions, may be made self- 
sustaining. As the cost of sulphuric acid is one of the largest items of expense in 
leaching, the advantages of this process maj* readily be seen. 

At Ajo, where the ferric sulphate in the solution going to the electrolytic cells was 
reduced with sulphur dio.xide, there were periods when the sulphuric acid produced 
in the towers alone was sufficient to carrj- on the leaching proce.ss. 
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Ammonia and Ammomom Carbonate — Next to sulphuric acid in unporfance 
and efficiency as a leaching agent may be mentioned ammonia and ammonia com 
pounds In the presence of au, ammonia and ammonia salts react quite energeticallj 
with metallic copper and oxidized copper compounds The active constituent is the 
cupnc ammonium carbonate that is formed and which reacts with the copper minerals, 
forming cuprous-ammonium carbonate Id the presence of air, the cuprous compound 
IS xapiiy oxidized to cupnc, and again becomes an active leaching agent When a 
solution contammg cuprous or cupnc ammonium carbonate is heated, both the 
ammonia and the carhonio acid arc distilled off and condensed while the copper is 
precipitated as a cuprous or cupnc oxide There is no fouling of solution 

This process is said to have been originally developed m Germany[13, 141- In 
1871, m a paper read before the A I RI L , the matter of native-copper losses in the 
Calumet & Hecla tailings was discussed and the fact brought out that this copper 
could be dissolved m solutions of ammoma salts Some years later when the treat 
ment of these tailings was again considered, ammonia'leaching tests were conducted 
w hich resulted in the erection and operation of the present plant, in which some 8000 
tons per day is treated 

The material treated at the Calumet plant is finely divided metallic copper m 
sands This metallic copper is at all limes covered with a thin film of oxide which is 
rapidly dissolved in ammoiua m the presence of an ammonia salt If the metallic 
copper 13 agam subjected to the air, it will agam be covered with a thin film of 
oxide which will dissolve These reactions are the basis of the ammowa-leaching 
process 

The early difficulties of the process are «aid to have been the Joss of the highly 
volatile ammonia which occurred both during the leacbmg and durmg the boilmg of 
the solution BenedictflS] found that this loss was not solely due to volatilisation 
but to a larger extent to adsorption of ammonia by the ore particles This loss 
increased with the strength of solution By using only a weak solution, treatmg low- 
grade matensi, and driv ing oS the adsorbed ammoma from the tailings by steam before 
discharging, Benedict found that these losses could be reduced to a minimum This 
process when applied to the Calumet tailings gives an average extraction of about 
80 pet cent 

At the Kennecott Copper Cocp at Kennecott, AlaekallS, 16], copper carbonate, 
both azunte and malachite, occurred with chalcocite in dolomite and limestone 
The ore w as treated by milling, tv hereby most of the sulphide copper and about 60 pei 
cent of the oxidized copper mmeral are recovered 

The tailings from the milling process were screened at 20 mesh, the undersize going 
to tables and the oversize to Hancock jigs The tailings from the coarse tables and 
Jigs furmshed the leaching-plant bead, while the fine sand and slime table tailings 
were treated by flotation 

The ongmal Iixmant contained about 6 per cent NH,, but owing to the success of 
washing the ore with low pressure Lve steam, concentrations of as high as 11 per cent 
were eventually successfully used Much difficulty was at first experienced with 
corrosion of iron and steel evaporator equipment by ammonia vapor Aluminum 
was substituted in the condensers and concrete m the storage tanks The ammonia 
loss, after the introduction of the live steam wash, was cut to 0 45 to 0 60 lb NHi per 
ton. of ore treated Steam consumed waa about 220 lb per ton of ore, 55 per cent 
in the evaporators, 45 per cent in the steam wash Multiple-effect evaporation was 
used 

An ammonia process known as the Perkins process{15] is said to have given excel 
lent results on some of the low grade ores of the Southwest This process consiits of 
heating the ore to be leached m a reduemg atmosphere, during which sU or a large 
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part of the copper mineral is converted into metallic copper. It is then leached vith 
ammonia. 

Ferric Sulphate. — ^Ferric sulphate is not only an active solvent of most oxidized 
copper minerals, but also quite an active solvent of free copper sulphides. Complete 
c.xtraction is possible on oxides and on carbonates in comparatively short periods, while 
sulphides are more slowly acted upon. To overcome the resistance of double sul- 
phides, such as chalcopyrite and bornite, to this reagent, a partial roasting was sug- 
gested by Thomas. This was found very helpful, and under proper roasting con- 
ditions commercial extraction may be obtained from sulphide ores with ferric sulphate 
as the lixiviant. Heat was found to promote the leaching reaction. 

Much careful work has been done with this reagent. Probably the earliest is that 
of Siemens & Halske, who, in 1890, introduced a process that consisted of leaching 
an ore ground to 90 mesh vdth hot dilute ferric sulphate. The copper was precipi- 
tated electrol 5 dically, using insoluble anodes and the lixmant regenerated. The 
results obtained by Siemens & Halske were disappointing and did not warrant its 
further introduction. This work, however, is the basis of most ferric sulphate proc- 
esses. There is no doubt that, had there been available to these investigators the 
present knowledge of the use of insoluble anodes, diaphragms, tank linings, etc., 
the results would have been very different. 

Among the large-scale tests made with this reagent, probably the more important 
are those made at Cananea, Sonora, by the Cananea Consolidated Copper Co. [24] 
and at Ray, Ariz., by \Vestervelt[24]. At Cananea the principal difficulty encountered 
appeared to be the regeneration of the lixiviant. At Ray, the raw ore was leached 
with hot dilute ferric sulphate and the copper was precipitated electrolytically. 
This later work was practically a modification of the Siemens & Halske process, and, 
as at Cananea, the regeneration of the solvent appeared to be the principal difficulty. 

In heap leaching, as practiced at Rio Tinto, where copper is extracted from mas- 
sive iron pjTite, the e.xtraction depends upon the action of ferric sulphate. By proper 
control of the ventilation and the wetting of this ore, ferrous sulphate is formed, which, 
on further action, changes to ferric sulphate and, as such, dissolves the copper. 

Sulphur Dioxide. — Sulphur dioxide is readily absorbed by water, forming sul- 
phurous acid. As such, it is an active solvent of many oxidized copper compounds. 
It can generally be cheaply and easily secured, as nearly all di.itricts containing copper 
also contain some sulphur. 

Ore containing high acid-so’uble constituents are especially adaptable to sulphur 
dioxide leaching. Copper sulphite is formed. This is unstable and is readily con- 
verted into cuprocupric sulphite and copper sulphate. Cuprocupric sulphite is 
slightl 3 ' soluble in water, but is easih' soluble in sulphur dioxide and in cupric sulphate. 

The use of sulphur dioxide as a leaching reagent has been verj* attractive, with the 
residt that much experimenting has been done and manj’’ processes have been devised. 
Of these processes the earliest one is probablj' that of Neill and Burfiend, a patent 
for which was is.sued about June, 1902. This process consisted of subjecting the ore 
to the action of sulphur dioxide to dissolve the copper, removing the solution from the 
ore and then heating it to drive off the excess of sulphurous acid and precipitate the 
copper as sulphite. 

The process was given a rather extensive trial on the sandstone copper ores of 
northwestern Arizona[18], but the work was discontinued before the value of the 
procc.ss was definitclj' established. The instabilitj' of the copper compounds appeared 
to be the principal difficulty. Joseph living, Jr.[23], describes some leaching tests 
made at the Ncvada-Douglas Consolidated Copper Co., where wetted fine ore was 
brought in contact with hot sulphur dioxide gas. The copper was precipitated upon 
scrap iron. The process was devised by G. C. Westby and S. S. Sorenson. 
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Chloridizing, roasting, and leaching have found quite wide application as the 
Longniaid-Henderson[35l process, which is at the present time the principal process 
employed in recovering copper from pyrites cinders. The crushed cinders mixed with 
salt and sometimes with p 3 'rite are treated in special muffle furnaces. The material 
so treated is then discharged into tanks and leached ndth w'ater, precipitating the 
copper with iron. 

The advantage of chlorine as a reagent has long been recognized, and its intensive 
action on the ores of the various metals has been also investigated. The principal 
obstacles in the use of this reagent are mostly mechanical and not* chemical. The 
application of chlorine will find its greatest field in ores carrying, besides copper, 
precious metal values. 

Nitric Acid. — ^The proposal to use nitric acid as a leaching agent is quite old, 
dating back at least to 1874. The fundamental idea is to employ the nitric acid 
as a catalj'zer to obtain a complete oxidation of the sulphides to sulphates by means 
of atmospheric cxj^gen at a comparatively low temperature. The use of nitric acid 
for decomposing sulphide ores in analytical work is old. It has been proposed to 
feed finely crushed ore, with the proper proportion of nitric acid, into a rotating 
furnace, similar to a cement kiln, which is heated near the lower end to a temperature 
sufficient to expel completelj’’ the nitric acid and the oxides of nitrogen after the 
sulphating reaction is completed. The presence of sulphuric acid derived from the 
pjuitic sulphur will assist the decomposition of anj’’ nitrates that may be formed. 
The sulphated ore was to be leached in the usual way. The nitric acid vapor and 
lower oxides of nitrogen were to be recovered by a suitable tower and scrubbing 
sj'stem, and converted through the agency of atmospheric oxj'gen and water into 
nitric acid. The nitric acid required is directly proportional to the quantity of 
sulphides in the ore. 

The success of this process depends upon minimizing the loss of the nitric acid 
which may occur in three ways, viz., through the formation of nitrous oxide and 
free nitrogen, which cannot readily be converted into nitric acid; through the incom- 
plete expulsion of nitrogen compounds from the sulphated ore; and through leakage 
and inefficiencj'' of the recovery system. 

The use of nitric acid as a leaching agent under certain conditions has been patented 
at various times. Of these, the Rankin process[21], in which ore is treated with nitric 
acid in a closed vessel with temperature not over 125°C., is probablj' the best knoum. 
This process was tried out at the Nevada Douglas Copper Co., Ludwig, Nev.[22]. 

From all accounts, the nitric acid process seems worthy of consideration, particu- 
larlj' for the treatment of low-grade sulphides as well as low-grade ore containing both 
oxides and sulphides. 

Nitric acid is probably the most active of aU solvents for copper ore and will 
energcticallj’’ attack both the oxides and the sulphides, but the successful operation 
of this process will depend upon being able to obtain a high percentage recovery of this 
rather expensive reagent so ns to distribute the cost over sufficient copper to make the 
process commercial. 

Washing. — After the copper values have been dissolved from the ore and the 
solution drained off, there is still present a large quantity of dissolved copper as 
entrained solution. In some cases this entrained solution maj' amount to between 
one-half to one-third of the total copper dissolved from the ore. 'Vt'hen an ore has 
been leached by percolation, this dissolved copper may be recovered in either of two 
waj-s: (1) by filling the interstices with water and circulating this water, draining, and 
repeating this operation until the entrained copper is negligible; (2) by filling the 
interstices of the ore with water and then dravring it off at the bottom, keeping the 
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material covered and the intersticea filled until the draining shows a negligible quantity 
of copper This latter method is called the "piston method ” It is claimed to use 
less w ater, require less time, and cause less trouble thM the first method The former 
IS the method used at Ajo, the latter is the method used at Chuquicatnata 

Precipitation — The methods of precipitatug copper from the pregnant acid or 
neutral solutions are, in the order of their importance (1) precipitation as the purest 
form of copper by electrolysis, usually from copper sulphate electroljte, (2) precipi- 
tation as impure metalhc copper by some form of metallic iron from sulphate or 
chloride solutions, (3) precipitation as metallic copper with sulphur dioxide under 
heat and pressure when applied to sulphate solutions, (4) precipitation with hydrogen 
sulphide as copper sulphide 

In the processes m which ammonia and ammonium carbonate are used as a liS' 
viant, the copper is precipitated out of solution by simply boiling off the ammonia 
At the present time, the first two, only, are of commercial importance m the treat- 
ment of pregnant solutions obtained from acid limviaiits 

Precipitation by electrolysis is very eiroilar to electrolytic copper refinmg The 
principal difference is that m the former case insoluble anodes are used and the copper 
IS taken out of the solution, while in the latter case the anodes are soluble and replenish 
the copper contents of the electrolyte as it is withdrawn 

The resultmg product, electrolytic cathodes, is the purest obtainable commercial 
copper, is easily handled, and has only to be melted mto shapes to meet commerasl 
requirements The impunties occurring m refinery solutions are generally more 
serious than those existing in leachmg solutions Refinery electrolytes are frequently 
apt to contain arsenic and antunony in quantities sufficient to contammste the copper 
Kone of the leachmg solutions treated at the present time by electrolysis contam 
appreciable quantities of arsenic or antimony The impurities that do occur m 
leachmg solutions are readily eUmmated by simple fusion 

Copper has been precipitated from chloride and other electrolytes, but not on a 
large enough scale to warrant discussion Probably all the copper sulphate leachmg 
solutions containing over a certain percentage of copper can be prepared for 
electrolysis Its application will depend almost entirely on the cost of power 

Alumina, iron, magnesia, and sodium are the principal elements besides copper that 
occur in leachuig-eolution electrolytes Of these impunties, the iron, on account of 
its alternate oxidation and reduction, thereby uselessly coOBunung current, is the 
moat important one 

tlTien electrolysis is used to precipitate copper from solution, the acid that was 
combined with the copper m regenerated The impunties, however, accumulate and 
must be removed 

This ferric sulphate problem may be remedied in three ways (1) by the use of a 
diaphragm or porous partition, so that the ferrous iron that is oxidized at the anode 
cannot come m contact with the deposited copper at the cathode , (2) by purification 
of the solution previous to electrolysis, (3) by keeping the feme sulphate contents of 
the electrolyte at as low a point as is possiUe by continual reduction with sulphur 
dioxide 

The use of a diaphragm anode os a method of solving the ferric sulphate problem 
has not been applied on a large scale, prmcipally because no satisfactory commercial 
diaphragm has j et been developed While the adi antages of a properly constructed 
diaphragm would be very important, its use would probably be limited to esses in 
w hich feme sulphate is to play the more unportant part as a leaching agent, as with 
the simple sulphides of copper 

Punficalton of tolidwn ts eommeraaBp practical Such a method, based on the 
Ottohar Hoflmanl201 process of purifying copper sulphate solutions and applied to the 



HYDROMETALLURGY OF COPPER 


357 


treatment of leach solutions, was tried at Ajo. This process, invented bj^ Pope and 
Hahn [27], consisted of treating the ore with two lixiviants, a low and a high acid. The 
former dissolved much copper and few impurities, the later dissolved the balance of 
the copper and a greater quantity of impurities. The later solution was purified by 
heating, and then agitating with air after the addition of sufficient roasted copper 
concentrates, to precipitate the iron. The solution is filtered, the filtrate is added to 
the first leach liquor, and both are electrolj'zed. Between 75 and 85 per cent of the 
total impurities in the electrolyte were removed. These tests were discontinued before 
the value of this process was definitely proved. 

The reduction of the ferric sulphate by sulphur dioxide is very simple and is no 
doubt the cheapest and most efficient way to meet this problem. Its use for such a 
purpose is not new, having been suggested as far back as 1908. 

The application of sulphur dioxide for this purpose on a large scale was quite openly 
ridiculed. As late as 1914, the engineers on the New Cornelia Copper Co. test plant 
were advised that reduction vdth sulphur dioxide on a commercial scale was impossible 
and were urged to give up this matter. No trouble was experienced except that it 
was found that, as may be expected, the more nearly neutral a solution is, the more 
easily it may be reduced. 

Sulphur dioxide is cheap, the application for reduction is simple, and for each pound 
of sulphur used in reducing ferric sulphate 3.5 lb. of free sulphuric acid is produced. 
About 30 to 35 tons per day of ferric sulphate is reduced to ferrous sulphate with 
sulphur dioxide in the reduction towers of the New Cornelia Copper Co. To obtain 
this result, some 35 to 40 tons of sulphide ore containing 40 per cent sulphur is roasted 
lo a calcine eontaining about 6 per cent sulphur. During this operation about a 
hundred tons of free sulphuric acid is regenerated, or about 75 per cent of the total 
required by the leaching plant. Under proper conditions the acid produced by the 
ferric sidphate reduction will be sufficient to carrj'' on tlie process without the addition 
of acid from other sources. 

The sulphur contents of the gas employed in reduction is not of vital importance, 
although, naturally, the higher the SO 2 , the more effieient will be the absorption. The 
gas used at Ajo was as low as 3 per cent and as high as 8 per cent, with an average 
of about 5)4 per cent for 6 years of operation. The use of towers for reduction proved 
satisfactory. For the entire 6 years, the ferric sulphate contents of the solution enter- 
ing the electrolytic tank house averaged 0.10 per cent or less, while for 4 years the 
average was less than 0.05 per cent. 

Greenawalt appears to have somewhat improved the process of intermittent 
reduction as used at Ajo by connecting each set of depositing cells with a sulphur 
dioxide reducing apparatus. In this manner, the ferric sulphate is reduced nearly as 
fast as it forms, and the continually increasing acid contents to some extent compen- 
sate for the decreased copper contents in the resistance of the cell, and more copper 
can bo deposited per cycle than at Ajo. 

In the Greenawalt process rapidly revohdng disks, the peripheries of which just 
touch tlie surface of the solution and thereby produce a continuous quantity of exceed- 
ingly fine spray, are used in place of towers for reducing purposes. 

The electrolysis may bo carried on in either lead-lined or asphalt tanks. The 
former arc used at Ajo, the latter at Chuqiiicamata. 

I.-cad anodes are xised where the solutions contain neither chlorides nor nitrates. 
After G years of continuous operation the antimonial-lcad anodes in use at Ajo showed 
but little loss in weight. 

Carbon or graphite anodes have not been used on a commercial scale for this 
purpose. One pound of copper per kilowatt-hour has been the average efficiency 
obtained when using lead or antimonial lead anodes. 
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Iron Precipitabcin — In solutions of low roppcr concentration, too high in impurities 
for electrodeposition, some form of iron is Kcncrally used for precipitation purposes 
\Vhcn metallic iron is immersed in a solution containing copper, the iron « dissolved 
and metallic copper is precipitated TIic product of this reaction is known as "cement 
copper ” 

Metallic iron has manj advantages as a precipitant it is generally quite cheap, 
rcaddy obtainable, and simple to use Clean iron as a precipitant mil with proper 
operating care and conditions, produce a high grade precipitate The usual 30 to CO 
per cent copper contents of cement copper is neither necessary nor is it good practice 

There la theoretically required 0 878 lb of iron per pound of copper to be preeipi 
ated, provided no other iron-consuming constituent is present in the solution Both 
ferric sulphate, by its reduction to ferrous sulphate ant! sulphuric acid bj lU action 
to form ferrous sulphate, consume iron when present m the solution 

Due to the impurities of the iron consisting of the constituents of the metal other 
than iron and the adhering iron oxide scale ahtcli is neatly always present as well as 
the iron consuming constituents of the solution from which the copper is precipi 
tated, the consumption of iron per pound of copper is generally about 1 S to 2 0 lb 
instead of the theoretical 0 88 lb 

For good precipitation purposes, the solutions should be of as low dcnsit} as 
possible, they should be clear, t < , all sand and slimca should have been settled out 
the iron should be of as good grade as possible and clean The speed with which 
the reaction takes place depends of course, upon the surface of iron exposed to solu 
tWR PigiroRactstheslonestandspongeorpowdercdiron ihequickest Therefore 
much work has been done on the development of epongo-iron process This process 
would consist of reduemg the iron in iron ore to metal m a finely divided state and 
without fusion 

The most important results were obtained at the Chmo Copper Co , where a special 
furnace was developed for continuously producing sponge ironISO) Here a magnetito 
concentrate was heated with a partly coked coal in a gastight furnace in which the 
charge was heated by radiation 

After the development of this furnace, the U S Bureau of Mines announced 
thedevclopment of a similar process tberediiclion however, taking place in a revolv 
mg Bruckner type furnace, very simdar to that used at Anaconda also for sponge-iron 
tests 

Notwithstanding the fact that much work has been done on sponge iron, there are, 
with the possible exception of some Second World War developments, no plants in 
successful and continuous commercial operation at this time 

Both heat and agitation arc aids to precipitation Fine material, such as sponge 
or shot iron, will permit of agitation, while precipitation with loose or baled scrap, or 
with pig iron, must be earned on in launders 

With a clean detinned scrap iron, the Ohio Copper Co produced some millions of 
pounds of cement copper, which averaged over 90 per cent of copper Several lots 
consisting of 50 or more tons each, averaged over 9o per cent copper The«e are the 
results obtamed when using clean solution of low density and with proper supen ision 
The average copper contents of all the cement copper produced at Bio Tmto, where 
pig iron IS used, is 76 per cent At New Comeha, where baled scrap is used, it is 60 
to 65 per cent 

The chemical precipitation of copper by iron is nearly alwaj s carried on m either a 
sulphate or a chloride solution In either case, it 13 quite necessary to reduce the ferric 
salts before precipitation This maj be done by passmg the solution over copper or 
iron sulphides 

The statement frequently made that the acid must be neutralized before the copper 
will precipitate la not entirely correct PrecipitatiDg copper from waste solutions on 
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scrap iron is frequently done at copper refineries. These solutions sometimes contain 
as much as 15 per cent acid, and the copper maj^ be entirely precipitated -irithout 
complete or nearly complete neutralization of the acid. 

The cement copper commercially produced contains 20 to 30 per cent water or 
solution. TlTiere tliis material has to be transported a long distance, drjdng might 
prove economical. When drj'ing the material, however, it oxidizes. When it is very 
dry, it causes trouble by dusting. Tests on dr 5 'mg cement copper showed, when slowly 
dried to 15 per cent moisture, that 60 to 70 per cent of the copper contents had been 
oxidized. Whether dried in air or by heat, the quantity of copper oxidized appeared 
about the same. Air drjdng is too slow to be commercial. Drying with moderate 
heat is probably best. The statement that cement copper in drying oxidizes so quickly 
as to cause spontaneous combustion could not be proved. 

The disposal of this cement copper has been the cause of much discussion. Pro- 
ducers of this material frequently have visions of greater profits by converting this 
cement copper into electrolytic cathodes, casting copper, blue vitriol, or some other 
more profitable forms. The eventual treatment of this class of material, when in 
sufficient quantity, will be simple melting or fusion in a coal- or oil-fired reverberatory 
and, perhaps, then tapping molten copper into a refining furnace and subsequently 
refining so as to produce a casting copper or anodes for the electrolytic refinery. Such 
an operation would not require a large expenditure. 

The advantages of electrolytic copper in the making of alloys and bearing metals 
is more and more appreciated, and the market for casting copper is irregular and 
fluctuating, with the result that direct uses for secondary coppers are becoming less, 
thus reducing the field for casting copper. In all probability, the most economical 
disposal of this material will be smelting and casting into anodes and shipment to 
a refinerj'. 

Hydrogen Sulphide. — Hj'drogen sulphide may be considered the next best pre- 
cipitant for copper from leaching solutions. If hydrogen sulphide is applied to a 
copper sulphate or copper chloride solution, copper is precipitated as cupric sulphide 
and acid is regenerated equal to that combined with the copper. This regenerated 
acid may be used to dissolve further copper. 

Hydrogen sulphide may be generated in various ways, the cheapest probably being 
by the action of sulphuric acid on a low-grade copper matte. Tests made with hydro- 
gen sulphide generated from sulphuric acid and low-grade matte have given the costs of 
precipitation to be equivalent to iron at $20 per ton, or about 1 cent per pound of 
copper. 

Greenawalt recommends hj'drogcn sulphide for the precipitation of copper from 
discard solutions. There are no leaching plants known to be in operation at this time 
where this gas is used as the precipitant of the copper from solutions. 

Sulphur Dioxide. — ^The most interesting process that has been developed for 
copper precipitation is that of George D. Van ArsdaleI28], who found that, when a 
solution containing copper and ferrous sulphate is satmated with sulphur dio.xide 
and is then heated under pressure, a reaction occurs resulting in the precipitation 
of about half of the copper as finely divided metallic copper together with the for- 
mation of free sulphuric acid. Tliis process has been tried at several plants, and it 
was found that between 60 and 70 per cent of the copper could be quite economically 
precipitated. The principal difficulty was how to recover the remainder. 

Commercial Leaching Installations. — The most important copper-leaching 
plants that have been constructed arc briefly described below. 

The Chile Copper Co. — ^Thc ore treated by the Chile Copper Co. at Chuqui- 
camata, Chile, consists of oxidized minerals in seams and fissures affording simple 
and rapid ex-traction. The ore contains among other minerals the unusual basic 
copper sulphate or brochantite. The mineral is readily soluble in dilute sulphuric 
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acid and introduces copper sulphate into the solution, which, on electrolysis, liberates 
free acid The mineral is reported frequently to be present m sufficient quantity to 
make the addition of acid from outside sources unnecessary 

The ore, avcragmg about 1 7 per cent copper, is mmed with steam shovels, loaded 
on cars, and transported by rail to the crushers Successive crushing operations 
reduce the steam-shovel sise so that 30 to 90 per cent will pass 0 371 m mesh The 
plant has a capacity of over 1,400 000 tons per month 

Belt conveyers deliver the crushed ore to a travelmg bridge, from which it is 
discharged mto one of six reinforced concrete tanks lined with asphalt, 150 ft long 
by 110 ft wide by 16H to 18 ft deep, set end to end and bolding about 11,500 tons 
each The ore is charged mto one end oi tie tank until the top of the tank is reached, 
and the bridge la then advanced as such a rate as to keep the level constant This 
method of charging a tank classifies the ore so that the coarsest material will he at the 
bottom and the finest on top 

The ore may be loaded into the tanks cither into solution or mto a dry vat, depend 
mg on whether or not solution is available It is allow ed to soak for 8 to 24 hr before 
the first strong solution is run in A second soaking period of 24 to 72 hr ensues after 
which a second strong solution is applied at the top Three more strong leaches are 
given and then six successive washings with liquors of decreasing copper content 
A certam quantity of each solution coming from the ore is removed for the complete 
deposition of the copper, in order to take care of the impurities and to compensate 
for the introduction of wash water to the system The impurities at Cbuquicamata 
consist principally of the sulphates of magnesium, sodium, and potassium, togetl er 
with a small quantity of nitrate and chloride The former, while not detrimental to 
the operation, would accumulate to such a point as to tender the solution inactive 
The chlorides and nitrates go into solution with the copper and must be eliminated 
as far as possible The chlorides are removed by agitating the pregnant solution m 
the presence of metallic copper, whereby the cblonne will be precipitated as a more 
or less insoluble cuprous chloride About 85 per cent of the chlorine is removed in 
this manner and about 1 ton of solution is dechlonnated per ton of ore treated The 
nitric acid is eliminated by the use of a bttle sulphur dioxide, which is converted to 
sulphunc acid Both chlorides and nitrates when present in appreciable quantities 
prevent the use of lead anodes 

The ore is ideal for leaching the extraction obtained averaging consistently oier 
90 per cent It has been said that each ton of ore contains between 20 and 30 lb 
of what might be called latent acid 

The pregnant solution after dechlondising is sent to the electrolytic tank house 
for precipitationlSQ] These tanks are of reinforeed concrete There are 1098 cells in 
operation Lead anodes were at first tried m the experimental plant but were not 
found satisfactory A German anode made of fused magnetite was then used The 
war (First World War) with Germany mode these difficult to obtain, and a ferro- 
silicon alloy was substituted Later these were replaced by copper sihcon and 
antimonial lead anodes developed by the r^earch department of this company 

Pow er for all operations is generated at a plant built on the coast some 150 miles 
from the mmes Of the total power generated a little over 80 per cent is used for 
copper deposition About 0 85 Ib of copper is deposited per kilowatt hour to the 
tank bouse Befining furnaces have been provided and the cathodes are melted and 
cast mto commercial shapes at the plant, the product leaving Chuquicamata as the 
highest grade of electrolytic copper 

This process is being successfully applied to some four or five million tons per 
turnmg out at practically one contimimia operation eome 180,000,000 lb of refined 
copper from an ore that could not be treated by any other known method 
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New Cornelia Copper Co. — About the time that the Chuquicamata plant of the 
Chile Copper Co. was ready to begin operations, the details of the process to be used 
in treating the ores of the New Cornelia Copper Co. at Ajo, Ariz., had been practically 
decided upon. 

The problem in Ajo differed from that in Chile in that the ore to be treated (1) 
was of a lower grade; (2) did not carry any latent acid compounds, such as basic copper 
sulphate; (3) was less readilj' soluble. On the other hand, the problem at Ajo was 
simpler. There were neither chlorides nor nitrates to contend with in the ore. Tests 
could be carried out on a larger scale and closer to the scene of actual operations; 
supplies were less e.xpensive and more easUj’’ secured. 

After a period covering nearl 5 ^ three and a half years and during which some 15,000 
tons of ore were treated, a process wms developed, the results of which could be posi- 
tively foretold, and by which the deposit was successfully worked out. 

The process adopted was as follows: (1) mining by steam shovels, the maximum 
size to be controlled by the size of a fragment that w'ill pass the shovel dipper; (2) 
transportation of the ores in cars that will stand up to the rough service and discharge 
freely any fragments that passed through the dipper of the steam shovel; (3) the 
delivery of the ore, without any storage other than cars, directly into a crusher that 
will receive any fragment discharged by the car; (4) crushing of steam-shovel size to 
as near in. as practicable; (5) leaching the crushed ore 8 days by a countercurrent 
sj'stem and upward circulation, using sulphuric acid and such ferric sulphate as is 
inherent in the process; (6) reduction by sulphur dioxide gas of the ferric iron remain- 
ing in the neutral solutions from the leaching tanks; (7) the electrolytic deposition 
of part of the copper from this reduced solution, which is then returned to the leaching 
solution; (8) the continuous discharge of such portion of the neutral solution as is 
necessarj' to prevent accumulation of sulphates other than copper to the saturation 
point; (9) the recovery of the copper content of such discarded solution as cement 
copper precipitated on iron; (10) the treatment of a part of this cement copper noth 
solution from the electrolytic tank house to the end that the copper be returned to the 
circulation and a part of ferric sulphate reduced. 

Crushing . — ^The ore was mined by steam shovels and was loaded and delivered to 
the crushing plant in side-dump cars. The crushing plant was divided into two 
departments, coarse and fine, which were separated by a 10,000-ton storage bin. 

The 10,000-ton storage bin between the coarse and fine crushers was of steel, built 
on an elevated reinforced-concrete platform. The ore was drawn from it automati- 
cally onto a sot of five belt conveyers, equipped with magnetic head pulleys, which 
delivered the ore to five units of Symons vertical-shaft disk crushers. Each rmit 
consisted of three interchangeable crushers. The first was set to crush to inch cubes. 
Tlie crushed material was elevated and screened; the undersize by-passed the remain- 
ing two cnishcrs, which were set in parallel. The oversize passed to these two 
crushers, which were set to crush to the desired size. The entire product was fed to o 
system of belt conve 3 ’crs, which led through a sampling plant to the leaching vats, 
which furnished the onU- storage for the crushed ore. 

Leaching . — The leaching tanks, 88 ft. square and 17 ft. 4 in. deep inside, W'ere 
built of reinforced concrete with wooden bottoms. Each had a capacitj' of 5000 
tons of crushed ore. ITie sides and the launders of the tanks were lined w'ith 8-lb. 
lead and the bottom with 6-lb. 4 per cent antimonial lead. The filter bottom w.as 
laid over the lead bottom and consi-sted of 5 X 12 in. joists on edge laid on 16-in. 
centers, covered with 2-in. shiplap planks that were bored with ?s-in. holes on 2-in. 
centers countersunk from below. Under the center of the filter bottom, and at right 
angles to the wooden floor joists, a distributing launder was set in the floor, through 
which the solution enters and from which it is distributed under the filter bottom. 
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Tlie l«id lining on the aides of the tanks was protected from abrasion bj a cot enng of 
2-in planks M the top and sides of each leaching tank were two overflow laiindm 
extending the length of the tank, one end being connected with the suction of a circu- 
lating pump Tlie charging w as done bj a machine especially designed for this plant 
and known as the spreader bndge It consists of a trai eling bridge of structural steel 
which spanned the tanks and tratcled, as desired, lengthwise with the row The 
bridge supported a belt contever, which received the crushed ore from the belt on a 
central structure A tripper on this belt spread the ofc in the leaching tanks 

The tanks were charged by filling to the top of the tank at one side, allowing the 
ore to assume its natural slope, or about 45 deg , and then continuing at one side and 
discharging the ore at the top of the elope allowing the coarser material to run to the 
liottoro and the finer to remain somew hat higher up, thus giving a rough classification 
The bndge » movril alowlj forward as the filling of the tank progic^es This plan 
was wiggesteil bv the engineers of the Chile Copper Co , who have obtained the bed 
rcsidla through thw mcthwl of filling 

Tlie cnishwl ore vius leachetl for 6 to Sdavs b> a countercurrent sj stem and upw ard 
percolation, using dilute sulphuric acid as iho principal solv ent 

The solution in each tank visa circulated bj two 15-in vertical centrifugal pumps 
hav mg a rapacity of 5500 gal per mm each These v\ ere driven b) direct-connected 
40-hp vertical motors The head against which the pumps work was equivahnt to 
the fnction head of the solution passing through the ore The discharge from one ot 
these pumps was provided with a bj pass which permitted a portion of the solution 
to lie advanced to the next tank Both pumps were throttled to give a circulation oI 
almut 4000 to 5000 gat per mm through the ore Of this amount about lOOO gal , 
called the solution advance, was continuously passing through from tank to tank 
The high acid solution, which has averaged about 2 5 per cent free acid for an S-dsy 
leach coming from either or both tho tank hou«o and the solution storage, and going 
on the oldest ore, was eallcii the acid advance ” The nearly neutral solution com- 
ing oH the newest charge and going to the reduction towers was known ns the “cculnil 
advance " 

Upon the entrance of a new charge into the circuit the solution remaining in tin 
oldest tank was dramed to the solution storage, where it was standardised with acid 
and later used as acid advance After thorough draining, the tank w os rcodj for the 
wash water 

As the copper entrained in a charge after leaching was about one-third of the total 
copper diwolvcd the c]uestion of thorough washing was very important Foursuc- 
ceasive wash waters with drainings were used 

Tho fourth wash of any one charge was used as the third wash of the succeeding 
charge, the third a«cd as the second and the second as the first In other words, each 
wash water was used four tunes the copper contents increasing each time, when it 
w as incorporated into the sv stem to make up the continuous losses of solution These 
were due to evaporation, discard and solution entrained in tailings. 

After a charge had been washed and drained, the tailings were removed from the 
tank by a Iluletl unloader, similar tounloadera u«ed on the Great Lakes for unloading 
Iron ore from boats A heavy steel bmfge on trucks spanned the loaehing tanks an 1 
traveled their entire length On this bridge traveled a trolley carrying a walking 
beam, burkel leg andbucketo' l2-ton rapacity Tlieunloadir had a rate.1 espanty 
of 500 tons per hr and generally excavated a lank of tailings m 10 to 11 hr 

Rediuiion of Iron— In the rleelrodeposition of copper from a fulphurie anl 
Kilution, iron, if present, will consume eleetnc energy , by its alternate oxidation and 
reduction, thereby reducing the cpivitity ofcopiRr depositnl per unit of rurrent 
IXinng the expenmenta! work, the control of the feme iron proved one of the hardest 
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problems to solve. A patent diaphragm anode was tried and gave good results, but 
was cumbersome and difficult to keep in order. Later, tests made on a process in 
which iron and alumina were precipitated as hydrated oxides by the addition of 
roasted copper ores gave good results, but the method was considered too complicated 
for an ore of this character. The idea was then suggested of using the natural oxides 
and carbonates in the ore itself as the precipitant of the ferric sulphate; in other words, 
the precipitation of the principal impurities in the solutions upon the charge itself. 
Early tests made on a small scale were very promising, but tests carried out later on 
a larger scale failed to give the desired results. For the first 15 or 20 days, the copper 
in the newest charge of ore was sufficient to precipitate all the ferric iron that was 
contained in the solution passing through the ore. However, as the acid concentra- 
tion on each charge increased, the precipitated ferric iron was redissolved and eventu- 
ally accumulated to such an extent that the iron in the solution was in excess of the 
copper available as a precipitant. 

It was now decided to resort to SO 2 reduction. The general opinion was that this 
was both unsatisfactory and difficult. This proved to be the case in solutions decid- 
edly acid, but where neutral or shghtly acid solutions were used, reduction proved 
quite easy. For these tests elemental sulphur was used, as it was believed that a gas 
with the maximum percentage of SOj was most essential and that a rich gas could 
be produced only by burning elemental sulphur. 

In the sulphite-pulp industry large quantities of sulphur gas are produced and 
absorbed, and, accordingly, the method of producing and absorbing the gas used in 
that industry was investigated. It rvas found that at some plants pyrites were 
used and that under proper conditions a gas of 12 per cent SO 2 could be produced. 
The only objection in the sulphite-pulp industry to the use of pyrites was the tendency 
of small calcined particles to be carried into the solution and thence into the pulp. 
Upon investigation it was decided to make use of the cheap and abundant supply of 
the high-stdphur low-copper ores of the Bisbee district. 

A bucket elevator and a conveyer equipped with automatic tripper delivered the 
crushed ore to hoppers situated above four Wedge roasters. These roasters were 22 ft. 
6 in. in diameter, had seven hearths, and were belt-driven by 71^-hp. motors. 

The gas leaving the roasters entered a spray or cooling chamber. This chamber 
was 14 ft. square, 94 ft. long, and was built of 8-lb. lead supported on a wooden frame- 
work. Nozzles were distributed over the top and sides through which “neutral 
advance” was sprayed to cool the gas before it entered the towers. Between 90 and 
lOO'gal. of solution per minute was required to supply these sprays. The ferric iron 
in the solution used in cooling the gas was practicallj' all reduced and the solution 
joined that coming from the towers. The temperature of the gas in its passage through 
the spray chamber was reduced from 600 to 150°F. A flue connected the spray 
chamber with the bottom of the first pair of towers, dividing the gas equally between 
them. 

There were six towers arranged in pairs. TVo pairs of the towers were part of the 
original equipment and were 40 ft. high and 20 ft. in diameter. Those were built of 
sheet load, supported on a steel framework. The other pair were 28 ft. in diameter, 
40 ft. high, and were built of ordinary' redwood tank construction, hooped together 
with iron rods. As an additional precaution agauist gas leakage, the wooden towers 
were painted with asphalt and covered with roofing paper under the hoops. The 
towers rested upon a reinforced-concretc base, provided with a lead pan. All towers 
were filled with boards placed on edge, the u'idth of a board apart, and in layers. 
Each layer was laid at right angles to the one immediately below it. The solution was 
distributed over the top of the towers by a system of launders provided with gas seals. 
Between the second and third pairs of towers was a fan which drew the gas from the 
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roasters through fho spray chamber and a third set of ton era, and forced it through 
the second and first sets to the atmosphere The temperature of the escaping gas 
was that of the atmosphere 

The solution {or neutral ad\ anee) to be reduced traveled countercurrent to the flon 
of pas, t e , the most reduced solution came m contact with the strongest gas The 
solution coming from the newest tank of ore was pumped to the top of the third pair 
of toilers bj a centrifugal pump Tbe solution distributed bj launders and gas seali 
floned down over the filling, thus coming into intimate contact with the rising gas 
At the bottom of each pair of towers there was a concrete lead lined sump mto which 
the solution flowed and nos then pumped through the neat pair of towers From the 
first pair of tow ers the solution w as pumped to the second pair, then to the thud pair, 
and then to the so-called scttlmg tank whence it went to the tank house The pur 
pose of this settling tank was twofold (1) to settle out the slime, (2) to get the benefit 
of the additional reduction that was found to take place in a neutral or slightly acid 
solution on standing 

hlcctroljtie Depostiion — The electrolytic tanks were housed in a structural steel 
building IGGft wide and 2SO ft long having sid(^ only partly enclosed to giv c good 
icntilation The tanks were all on the same level none in cascade 

The cellar w Inch w as open on all sides had an asphalt floor draining to gutters that 
led to a sump at each end of the buddmg There was headroom throughout the 
cellar to permit regular inspection of tanka piping and feed wires 

nie electrolytic tanks were arranged in banks with aisles between There were 
12 banka of 10 tanka each and 4 banks of 8 tanka each, making a total of 152 tanks 
Lach tank waa separated from the adjacent tank by a 3-in air space All tanks 
were made of Oregon ptoc lined with 71b chemical lead The maide dimensions 
of the tanka were 20 ft 7 in long 4 ft dm wide, and 4 ft Sm deep lliesc tanka 
were supported on concrete columns and were insulated by tile blocks covered with 
ahcct«tcad caps Fach tank was provided with a 4«in clean-cut plug There were 
also two perforated lead diaphragms one at each end of the tanka to assure a uniform 
circulation The inlet to each tank waa fitted with a 3^ diaphragm \ all c and a 
3t^ in glaseti stoneware gooseneck for insulalmg purposes At the outlet end there 
wasalead oicrflow pan fitted witb a 4-m file pipe suspended in a lO-in lead bool 
connected to the discharge pipe 

Fsch tank had 81 anodes making a total of 12,768 m the tank house The anode* 
w ere of lead contammg 3 5 per cent antimony , of an ai crage w eight of 215 lb They 
were 40 X 51 X K m thick and were sii'-pcndcd by two X IK i" copper bars 
Bceured to the tops of the anodes TheFubmerged8Urfaceofallanodc3was41 X41in 
riic spacing of anodes was 4t^ m on centers The distance from the bottom of an 
anode to the bottom of the tank was 8 in , while that of the cathode was 7 in Short 
cuciuts were 9reAP-atn<l tA wwia 7Rw>Yiv?^*i«l,’mR»fca»wrf'i»'u<{,h.t.cJ3nnu.eal 
glazed porcelam insulators distributed over the anode faces 

Much doubt was espressed about the hfe of the lead anode and some very positii e 
statements were made regarding thm probable length of life Continuous semcc 
failed to show appreciable oxidation except after years of scnicc 

Therewere77eatho<Ipstoataiik or 9779 cathodes m the tank house cxclusiicof 
starting-sl cot I lanks The eathwles 42 m square w ere totally submerged Thei 
were suspended upon copper bars In loops made from starting sheets The original 
starting sheets weighed about 15 to 18 lb while the finished cathodes weighed 130 to 
140 lb 

The cathodes produei <1 i-aned from 99 15 to 99 85 per cent m copper content, 
the impurities l>cing pnneipnlly riimni held by mechameni entanglement The 
greater the density of the clcclroly to, the lower was the copper content m the cathodes 
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and the greater the insoluble matter, iron, and alumina. The cathodes always con- 
tained more or less chlorine, varying from 0.05 to 0.35 per cent. There being no 
arsenic or antimony in the ore, and little in the acid, the average arsenic content of the 
cathodes was less than 0.0015 and the antimony less than 0.0005 per cent. 

Twenty-five tanks operated on starting sheets, each tank containing 77 starting 
blanks, or a total of 1925 blanks. The starting blanks were of rolled 3.5 per cent 
antimonial lead, 53 X 43 X M in., and were large enough to allow a small amount 
of trimming, which was done with a squaring shear. The anodes in these tanks were 
3.5 per cent antimonial lead, and were 41 X 52 X in- They did not have porcelain 
insulators, as these tend to spot the starting sheets. The spacing of anodes in these 
tanks was the same as in the commercial tanks. The tank construction and other 
details were likewise similar. 

The electrodes hung parallel to the flow of solution (or parallel to the length of the 
tanks) to give a free circulation of the electrolyte. Alternate bus bars extending 
across the tanks connected the electrodes in parallel and the tanks in series. These 
bus bars, placed across the tank, divided it into seven sections or cells. The inter- 
mediate bus bars were in. wide and 4 in. deep, while the end bus bars were 1 in. 
wide and 4 in. deep. Soldered along the top of each bus bar was a triangular piece 
of copper, Yi in. high, giving a point contact to the electrode bars. Small maple 
blocks impregnated with linseed oil insulated cathodes and anodes from opposite bus 
bars. These bus bars were supported on insulated iron castings, which, in turn, 
rested on the tank cleats. The maximum current density was 8 amp. per sq. ft. of 
cathode surface when operating under normal conditions. With an average current 
efficiency of 80 per cent, this meant a daily gain of about 10.25 lb. per cathode, or a 
total capacity of 120,000 lb. of electrolytic copper per day. The drop of potential 
between anodes and cathodes averaged close to 2.00 volts. There was a tendency 
for the voltage to drop during the summer owing to an increase in the temperature 
of the electrolyte. 

The solution flow in the tank house was part of a closed circuit with the leaching 
and reduction plant, receiving a continuous flow of solution from them. This flow, 
coming always off the newest ore, then through the towers and settler, was regulated 
by means of weirs and varied from 800 to 1500 gal. per min., depending on operating 
conditions. This volume was divided among the 16 banks of tanks, those on starting 
sheets getting generally a little more than those on cathodes. B 3 '- this arrangement 
each bank of tanks on cathode received between 60 and 70 gal. per min. of reduced 
solution. Each bank unit consisted of either eight or ten tanks, a sump, and a 9-in. 
vertical-type centrifugal pump having a capacity of 1600 gal. per min. Each bank 
had an individual circulation of 1600 gal. per min. between it and the sump, while an 
overflow arrangement provided for the return of such a portion of the electrolj'tc as 
was equivalent to reduced solution added. 

The current efficiency depended on tfip quantity of ferric sidphate present, owing 
to the reaction between ferric sulphate and metallic copper. The ferric iron content 
in the solution was kept as low as possible. With the total iron not over 2 per cent, 
the ferric iron in the electrolyte probnblj' did not exceed 0.5 per cent. 

At the beginning of operations in the tank house, a great deal of difficulty was 
encountered bj' the dropping of cathodes in the electrolytic tanks, due principally to 
the corrosive action of the ferric sulphate on the loops at the solution level and on 
that part of the cathode covered by the ends of the loops. Corrosion at the solution 
line was easilj’ remedied bj' raising and lowering the solution level in the electrolytic 
tanks, but the corrosion of the cathode sheet between the loop ends was far more 
difficult to overcome. Later this condition became worse with the increase in the 
ferric iron and higher temperature of the electrolyte. The dropping of cathodes not 
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onl} caus<\J bad sLort circuits in the tanks but also made it nccc<!sarj, wlien pullirj; 
cathodes lor shipment, to puU indiMdual sheets e.^th tongs, which made it almost 
impossible to handle the dail^ output of cathodes Considerable damage nas also 
done to the lead lining of the tanks, and the danger from accidents naa more than 
usual Numerous Echemea to o'crromcthiidilficultj were suggested and tried until 
It was found that b> splitting the emb of the loop and attaching them nith a Morron 
machine in such a manner that the portion of the starting sheet adjacent to (he loop 
■was exj>os«l to the deposition of eoppet, not onl> the loop, but also the sheet built 
up, making a good firm joint After the adoption of this method, no further trouble 
WPS experienced with dropping sheets 

i\a pr« louslj mrntioned onl> about 45 to 50 per cent o{ the total acid used in an 
8-dai leach w utilized m dissolving copper ITie rcmaindir is iiscfl in du-obing 
impurities If copper onlj is removed from the solution, the other substances will 
graduallj accumulate and the solution will reach a condition ■ohctc it will become 
sluggish in dissolving the copper from the ore To keep the solution active it is cvi- 
<lent that a portion must be discarded and replaced with fresh water Tlicquantitj of 
solution discarded per day must contain impurities equivalent to the amount dissolved 
per daj if tlie accumulation is to be nv oidcd In the experimental work it w as four J 
that, under similar conditions ncarl> all the substances that went into the solution 
weto present in a fairly constant ratio to one another Of the various unpuritics 
dLssolved, iron is the most casdy and qmckl> determined and was used as the indici 
tion of the quantity of solution necessary to be di«carded The experiments! work 
clearly demonstrated that the best results were obtained when the total iron m the 
solution did not exceed 2 per cent 

The original cementing equipment consisted of six sections of rcinforecd-eoncretc 
launders. Tlicse vccre arranged m two parallel rows of three sections each The 
bottom of each launder eloped toward three side elean-out gates The scrap iron 
rested upon a grated wood floor Tlic solution flowed through each one succp«*iv eb i 
but coultl be bj-pa.««cd to allow the cleansing and refilling of any of the eections From 
these launders the waste solution went to the desert 

Under good operating conditions practically nil the copper was precipitated 
\\ hen 5 launder w ns no longer efficient the solution to that launder was hj passed anil 
the solution remaming in it was drained Tlie cement copper was shovcieii out onto 
wooden grates, where the iron was washed olf with a hose, and the unconsumed iron 
was returned to the blunders 

Ctmtnt copper w hen clean and finely divided dissolves readily m ferric sulphate, 
with the formation of copper and ferrous sulphates By so doing not only is the 
cement copper dL^.'iolved but the feme iron h rcduceil also TIjo phn w ns to ho'C off 
the loosely adherent copper from the scrap iron to the bottom of the lank and then 
flush it into one or more circular lend lined tanks, called agitators Tliese tanks ric 
20 ft in duimeter and 0 ft deep pro\idcd«with a stirring diviee, driven by a small 
motor, 125 gal ptr min of tank-house rctiim solution can be circulated through cm h 
tank 

nils plan of mliRRoliing the cement copper was carncsl out when the operating 
conditions of the plant reqiiirisl it nic principal objections to the continuous use of 
such a plant arc ih&t by Te<li.«soi\jng the cement copper m tank-bouse folution tic 
total copper output of the plant ls reduced which at times docs not giv e the greatf't 
profit possible Although the Ajo phnt u history, this lengthy description u gum 
aa It details the operation of a plant the details of winch w eii: carefully planned and 
which functioned profitably to the ixhaiistion of the deposit 

Union Minlire du Haut Katanga — <lulphunc acid leaching was practiced for a 
time on the ahalo ores of the Union Muttbe du Haut Katanga Tlic plant presented 
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some novelties as compared with other installations, in that continuous and not batch 
leaching was employed; the leaching was by agitation instead of percolation; washing 
the sand tailings was carried on in multidecfc Dorr classifiers arranged countercurrent; 
washing the slime tailings was performed continuously in thickeners; the iron and 
alumina in the solutions were held within reasonable limits by continuous purification 
through neutralization of a part of the solution with original ore or concentrates[36]. 

Some condition was present, which has never been satisfactorily explained, that 
quickty ate away any copper alloys, and only lead, duriron, some of the chrome-nickel 
irons, rubber, asphalt mastic, glass, and porcelain could safely be used in contact with 
the solutions. This was possibly due to cobalt. 

The removal of iron and alumina by precipitation with a portion of the ore was the 
first successful application of this idea to commercial practice. A portion of the solu- 
tion was constantly withdrawn and agitated for 17 hr. with raw ore or concentrates, 
completely neutralizing it. The pulp was then classified, the sands were sent back to 
the leaching circuit, and the slime was sent to a thickening-washing circuit which was 
always maintained at neutrality. The washed slime discarded from this operation 
ran about 1 per cent Cu, but apparently it was figured that control of the iron and 
alumina was worth this price. 

Andes Copper Co. — ^The leaching plant of the Andes Copper Co. at Potrerillos, 
Chile, is a sulphuric acid leaching operation, a 6-day countercurrent leaching followed 
by a 1-day countercurrent wash. The operation is unique in that through a complete 
neutralizing with 200-mcsh limestone the entire leach solution is purified from iron, 
alumina, arsenic, and phosphorus before it goes to the tank house. This means that 
all the free acid in the leach solution and that combined with the iron and alumina 
is thrown down as calcium sulphate and is eliminated along vdth these impurities. 
This consequently means that about 63 lb. of 60° sulphuric acid is required per ton of 
ore treated. This acid is produced by treating a part of the gases from the roasting 
plant for the production of sulphuric acid[38]. 

The first leach of the ore is by upward percolation, but the succeeding five leaches 
are by downward percolation. The tanks are concrete with mastic floors and acid- 
proof brick walls. The filter bottoms are of the Inspiration type. 

It was found necessary to remove the slimes which run approximately 5}4 per cent 
and to treat them by agitation. Any discard and excess wash solutions are treated 
with crushed limestone by agitation at about 37°C. The precipitated copper car- 
bonate and the accompanying calcium sulphate are fed back into the purifiers, the 
copper carbonate acting in the same way as docs the limestone to neutralize acid and 
throw down iron and aluminum. 

Chlorine is eliminated by agitating the purified leach liquor with excess of cement 
copper, which throws down much of the chlorine as cuprous chloride. The settled 
residue consisting of cuprous chloride and cement copper is treated with ferrous- 
chloride solution, which dissolves the cuprous chloride. The copper in this solution 
is precipitated with scrap iron, washed, and used for further dechloridizing. The 
copper is then precipitated from the dechloridized solution by electrolysis, using 15 
per cent antimonial lead anodes. The copper is reduced to about 11 g. per 1. in the 
tank house, the spent electrolyte going back to the leaching tanks. 

Inspiration Consolidated Copper Co. — The Inspiration Consolidated Copper Co. 
in October, 1926, commenced large-scale leaching of an ore carrying oxidized copper 
and chalcocite by the use of ferric sulphate and sulphuric acid. After 2 years a flow 
sheet was adopted in which slime w.as removed, treated first by flotation, then by 
agitation, while the sands were treated by upward percolation. Tlie lixiviant was 
regenerated by electrolytic precipitation. Tire solution from the tank house carried 
about 9 g. per 1. of iron, 41.1 g. of acid, 21.6 of copper (in 1931); the ferric iron in the 
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eolution from the leaching tanka tan 2 8 g per I , but by the tunc it w ent to the tank 
house it carried 4 0 g of ferric iron (total iron, 20 g ) The Bolution to the lank house 
earned 26 4 g of copper (1931) The anodes are 8 pec cent antimonial lead Start- 
ing sheets for the tank house are made m a small section of the tank house using anodes 
cast at the Inspiration smeltery, near by It -was found highly advantageous to narni 
the solutions so that they went on the ore at 42*C Wash waters or waste solutions 
were treated with detinned scrap before discardmg(371 
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CHAPTER XIII 

ELECTROLYTIC REFINING OF LEAD 

GtISIATB llEr«BEBG‘ 

* — Cotam«M9l eletltolyUc tefinmfe of lead dates from the development of 
the fluosihcate electrolyte by Anson G Betts, at the beginning of the twentieth cen 
tury Larlicr experimenters had endeavored to use acetate or nitrate solutions, from 
which the lead was deposited at the cathode in the form of loose crystals or sponge, 
which fell to the bottom of the taoha or was removed by mechanical scrapers The 
practical difRcultiea of this method of operation, especially those mcideot to the 
washmgandmeltmgof therefinedlead provedinsunnountable Betts[Ilm\e8tigated 
a number of complex acids, including fluosihcic, fluobonc, dithionic, methyl and 
ethyl sulphuric, and several sulpbomc acids all of which formed very soluble lead 
salts and produced electrolytes of high conductivity He found that by the addition 
of an organic colloid such as glue or gelatm, these electrolytes could be made to pro- 
duce a solid and adherent cathode deposit, with a densit> equal to that of cast lead 
Conaidcrations o! cost and stability have made fluosihcate electrolytes the logical 
choice for refining operations although fluoborates and sulphonates have had a limited 
apphcalion for special purposes such as electroplating 

The pioneer Betts process refinery, that of the Consolidated Smelting &. Refining 
Co , Ltd , at Trail, B C [2] has been >o continuous operation since 1903 and has been 
successively modernited and enlarged to a capacity in excess of 500 tons per day 
The plant of the U S Smelting Lead Refinery Inc , at Tost Chicago, Ind , started 
oper&tiotu m 1900 and has also been extensively modetniied in recent years The 
latest Betts refinery to be built is that of the Cerrode Pasco Copper Corp , at La Oroya, 
Peru, the first unit of which was started in 1934, followed bj a large capacity enlarge- 
ment m 1937 This plant was specially designed for the treatment of very impure 
bulhon, and its operating conditions differ m several respects from previoua practice[3] 
The Betts process is notable for its abibty to produce refined lead of exceptional 
purity, and is particularly adapted to the treatment of bullion containing bismuth, 
or in which the total content of impuritm w large It does not offer any significant 
metallurgical advantage over the older Parkes process for the refining of relatively 
pure bismuth free bullion such as that produced from Missouri ores, but may have an 
eennonus a/lvaritaigfii/.f'i/itcast,ia.hw6h.w.eoj».p%si»w.w!v*.h^lw!.tsvtp<v>Kei: eatKa 

Pleetrocbemical Data — As lead is divalent m fluosihcate solutions, the electro- 
chemical equivalent is 3 865 g per amp -hr , or 0 2045 lb per amp -day A current 
efficiency of 90 to 9o per cent of this figure la usually realized The most economical 
current density will normally be between. 15 and 18 amp per sq ft The electrolyte 
composition may vary considerably, representative values being 80 g per 1 each of 
Pb and free HiSiFi, corresponding to a total SiP« content of 135 g per 1 Electrolyte 
resistance varies with composition as shown m the attached curves (Figs 1 and 2) 
Tins resistance also varies with temperature m the usual manner (Fig 3) In 

I MetaUurpeal enpneer Cerro De Pa»so Copper Corp Kerf York 

> Tlererencee In thi» chapter are to dnularty numbered retereneca m the B bhography at the cloee of 
t> e chapter 
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Grams To+oil Slfj per Lifer 


Fia. 1. — Electrolyte resistance curves. 



Grams of Free HjSiFe per Liter 

rt(!. 2.~01uiih per euliic ineli of electrolyte, varjune the free IIiSiFt with 40, 00 and 80 g 

of lead per liter. 
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perate climates, an equilibrium temperature aiU ordinarily be reached at some per 
raissible \ alue between 30 and 40*C , but m c^tremra of weather, some artificial heating 
or cooling may be required, since very low temperature would mcreasc resistance 
unduly, and excessively bigb values might damage tank linings Under these condi- 
tions of current densitj, electrolyte ttmeentration, and temperatures, the average 
volts per cell will approximate 0 45, and the direct-current power consumed m the cell 
circuit inll be about 120 kw -hr per ton 

Cell circuits ha\ e generally been designed for s total current of 4000 to 6000 amp 
direct current The over all voltage of a 4500-amp circuit is approximately equal, 
numerically to its refining capacity in short Ions of lead per day 



Pio 3 — Temperature-resistance curves fluosilicate electrolyte 


The amount of glue used as an addition agent ranges from 0 5 to 1 5 lb per ton of 
lead produced It has been found that bindarene flour (a bj-product of the paper- 
pulp industry) may be substituted for half or two thirds of the total glue used, the 
glue-bindarene mixture often producing a better deposit than can be obtamed with 
glue alone The addition agents are, for the most part, deposited with the lead and 
produce a characteristic odor when the cathodes are melted 

The metals having clcctromotjve-solution potentials higher than lead, » e , 2n, 
Cd, Fc, Ni, and Co, are normally absent from lead bulbon, or are present in such stnall 
amounts that no injunous accumulation in the electrolyte will occur An electrolyte 
can therefore be used for many years without purification Small accumulations of 
iron, alkali metals, and nitrogenous decomposition products of glue are found m old 
electrolytes, but usually have no harmful effect on the operation 

Tin prreenls a special case, in that its electrolytic solution potential is nearly iden- 
tical with that of lead It may therefore be dissolved and deposited with lead at the 
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cathode, if present in the anodes being refined. Tin which thus contaminates the 
cathodes is removed by mechanical dressing or blowing with air when the cathodes 
are melted. In general, a portion of any tin present in anodes will form intermetallic 
compounds -with other impurities present, which lower its solution potential and cause 
it to be retained in the anode slime. If the bullion under treatment contains suffi- 
cient tin to warrant the recovery of this element, it may therefore be expedient to 
remove it by a high-temperature dressing operation[4] before casting the bullion into 
anodes, rather than to recover it from slimes and cathode dross. The codeposition 
of tin and lead from fluosilicate solution is employed as a commercial method for the 
production of solder[5]. 

It has been observed that thallium is another element with anomalous behavior, 
which may be only incompletely removed from lead by electrolysis. Thallium, how- 
ever, will occur in lead bullion only under exceptional circumstances, even when the 
parent ores contain it, as it is practically completely eliminated from the lead blast 
furnace by volatilization. 

The impurities ordinarily associated with lead, all of which have lowmr solution 
potentials than load and remain undissolved at the anode during electrolysis, are As, 
Sb, Bi, Cu, Ag, Au, and Te. These impurities, if present in sufficient amount, form 
a highly porous layer or blanket of slime which remains attached to the face of the 
anode and retains the original shape and appearance thereof as the lead is dissolved. 
The solution filling the pores of the slime blanket, a volume which is of course equal 
to that of the lead that has been removed, is not by any means of the same composition 
as the freely circulating electrolyte. It consists, rather, of a nearly neutral solution 
of lead fluosilicate of high concentration. The voltage drop that appears across the 
slime blanket, which increases as corrosion of the anode proceeds, is produced by the 
ohmic resistance of the solution in the pore volume and by “concentration-cell’' 
effect. 

In modern practice, the working life of the anode is determined by the nature and 
amount of impurities present in the bullion treated. In this way the thickness 
attained by the slime blanket is limited to a value such that the maximum voltage 
drop across it is less than the electrolytic potential difference available for impurity 
separation, by a safe margin. For usual types of bullion and normal current densities, 
appropriate anode corrosion periods will range from 2-day anodes for bullion contain- 
ing 90 per cent Pb or less to 6-day anodes for bullion containing 98 per cent Pb or 
more; the exact limits must in every case be established by trial. This technique has 
eliminated the difficulties encountered in earlier years, when heavy anodes with 8- or 
10-day corrosion periods were universally employed. With these long corrosion 
periods, voltage drops were excessive unless the bulhon treated was very pure, and with 
very pure bullion, the slime blanket was too soft to be thoroughly adherent. In 
cither case, the purity of the lead produced was adversely affected. The minimum 
amount of impurity that will produce a slime of satisfactory physical characteristics 
is dependent on the chemical composition of the slimes as well as other factors. This 
point requires careful attention if the bullion contains over 97 per cent Pb, and in 
certain cases, impurities may have to be recirculated to maintain proper conditions. 

It is preferable to limit the maximum life of the cathodes to a d-da}”^ period. Five- 
or six-day cathodes have been occasionally employed, but the increased weight and 
roughness of the deposit are serious handicaps. To facilitate cell-changing opera- 
tions, the cathode life should be a factor or a multiple of the anode life, therefore 

3- day cathodes would be used with 3- or 6-day anodes and 4-day cathodes with 2- or 

4- day anodes. 

Manufacture of Electrolyte. — ^Fluosilicic acid, HjSiFc, which is also kmown as 
hydrofluosilicic acid, is obtained as a by-product in the manufacture of superphosphate 
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fertilizer it maV also be prepared by dissolving finely ground sibea in hydrofluoric 
acid of about 4(1 P^r cent strength Either percolation tow era or agitator tanks may 



Fia 4 — Night view of Betts Uak house dip washing t^nks for corroded anodes is fore* 
ground 
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acid is produced by distillation from a mixture of ground acid-grade fluorspar and 
66°Be. sulphuric acid. Continuous equipment has been developed for this operation, 
but the original method of batch distillation from cast-iron ictorts connected to watei- 
cooled lead condensers is still used to a limited extent. 

Lead fluosilicate may be prepared bj' dissolving lead carbonate or ivliite lead in 
fluosilicic acid, but when required in quantity, as for the initial filling of a lefining 
circuit, it is preferable to use electrolytic dissolvmg cells. These are horizontal cells 
iidth pig-lead anodes covering the bottom area and a perforated lead cathode sus- 
pended near the top. Acid is fed at a slow rate to the top of the cell, and the lead 
fluosilicate, which stratifies in the lower portion of the electrolj'te by virtue of its high 
specific gravity, is removed through a siphon overflow. A current density of 30 to 
50 amp. per sq. ft. of anode surface is suitable for these cells. 

Acid Loss. — Under proper operating conditions, the over-all loss of fluosilicic acid 
from the electrolyte will not exceed 3 lb. of HzSiFe per ton of refined load piodiiced. 



Pig. fi. — Stiiitiiif'-shcot pouring t.ablc, with integrally cast tjTic of cioss rod at bottom. 

hluch larger losses were at one time experienced, especially when relatively impure 
bullion was treated. These excessive losses hax’c been eliminated by fundamental 
improvements in refinery construction and operating procedure. 

In the first place, all niochanieal losses, such as those due to inadequate cell con- 
struction, have been prevented. Limitation of the corrosion period eliminates decom- 
position loss at the anode and the formation of insoluble compounds such as antimony 
fluosilicate. Finallj’, and most important, is the complete recover 3 ' of solution 
entrained in anode slimes. Whishing of the slimes must be conducted in counter- 
current fashion in order to avoid the neccssit 3 '’ for an 3 ' evaporation of wash liquors. 
Further, the more concentrated solutions must at all times have sufficient free acid 
present to prevent decomposition by h 3 -drol 3 '&is. The most effective method of wash- 
ing involves the use of diffusional processes, b 3 " which the slimes arc completely washed 
before their removal from the surface of the anode scrap[3, GJ. This is accomplished 
by advancing the conoded anodes through a series of dip tanks, in which they remain 
for a suflicient period to attain equilibrium with succc.ssively decreasing concentrations 
of acid and wash water. This procedure is applicable onh- when the anode.s contain 
sulficient impurities to produce a perfectly adherent slime blanket. 
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la normal operation the lead content of the electrolyte increases slowly m spite 
of the fact that tl e acid losses occurring are largely in the form of lead fluosilicate this 
IS due to the fact that the current effciency is si ghtly lower at the cathode than at 
the anode and to the small amount of lead that js dissolved chemically from the 
electrodes To maintam normal composition this excess lead is periodically removed 
usually by the addition of sulphuric acid An alternate method of lead removal is to 
electroljze \nth graphite anodes whereby lead peroxide is deposited at the anode 
ivhile metalbc lead is deposited at the cathode Occasionally however, a decrease in 
the lead content of an electrolyte may occur in operation which is almost infalhbly 
a danger s gnal indicating that an abnormal acid loss also prevails 

Construction and Operation — Cells built of reinforced concrete have replaced the 
wooden tank construction origmally used They may be lined either with a«phalt 


'f 



FtQ 7 —Corroded anodes being removed from cell with short-circuitinB bar in pQSiUon at 
right end of tank 

res nous organic compounds or by a recently developed method of impregnation with 
hot paraffm Cells are arranged in cascade at the Trail plant, others use the side-by 
8 de arrangement of the Vt alker system Electrolyte is circulated at a rate of 2 to 
') gal per mm per cell usually entering the cell at the top and overflowing through a 
1 ard rul ber pipe extending within a few inches of the bottom Centrifugal pumps of 
bronze or rubber lined construction are used for electrolyte handling Eubber lined 
steel pipe is most satisfactory for cell feed lines and rubber Imed launders for overflow 
return 

Anodes are cast m open horizontal cast iron molds which are generally mounted 
on a mechanically driven casting wheel They are normally 24 to 26 in wide by about 
36 in deep in body dimensions with integral lugs or ears for suspension and handling 
The thickness required at usual current densities is about yi in per daj of anode 
life plus >8 in for the residual core sheet It is important that anodes are cast to 
uniform weight and even thickness in order to aioid excessive scrap and still ensure 
an iml roken core «heet at the end of the corrosion period This requires a smooth 
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running casting wheel with a rigid deck, molds carefully leveled, and, preferably, an 
automatic metering type of pouring deidce. The anode scrap, which is approxi- 
mately 40 per cent with 4-day anodes, is of couise rcmeltcd and cast in the same 
manner as the original bullion. At the tank house, the anodes are placed in racks in 
which they are properlj' spaced for transfer to the cells, the usual spacing being 4 to 
4J^ in. center to center. 

Cathode starting sheets are n.ade by pouring a small quantity of refined lead from 
a tilting trough on to a cast-iron plate set at a small angle to the horizontal, on which 
the lead freezes in a uniform sheet about l/'i 2 lu- thick. These sheets are supported in 
the cells from cross rods of hard-drawn copper to which they are attached b 5 ' looping 
and spot-welding. Alternatively, the cross rod may be formed of copper-plated steel, 
with a dovetail slot into which the sheet is integrally cast. Starting sheets may be 



Pig. 8. — Cathodes being lowered into refined lead kettle. 


stiffened considerably by grooving the casting table to form shallow corrugations, but 
at best arc flimsy and require manual straightening before hanging in the cells. It is 
customaiy to fold over a small diagonal flap at each bottom corner of the sheet at the 
same time. 

The deposited cathodes, weighing about 150 lb. each, are washed in a dip tank or 
by sprays upon lemoval from the cells and charged to welded steel melting kettles of 
70 to 235 tons capacity. If integrally cast cross rods arc used, these are skimmed from 
the surface of the lead after melting. Each kettle lot of refined lead is stirred or air- 
blowTi at 520°C. to remove glue ash and traces of residual impurities, sampled, and 
cast into standaid bars of approximately 100 lb. Vertical centrifugal pumps are 
used to transfer the lead to the casting wheel. Casting temperatures may lange 
I from 375 to 425°C. From 1 1-4 to 2 per cent of oxide dro'^s is produced in the melting 
and easting operation, which is cither returned to a smeller or reduced to common 
lead in a small reverberatory furnace. 

Both anodc-s and cathodes are handled to and from the cells in complete sets, 
usually 2 1 anodes and 25 cathodes, by overhead traveling cranes provided with special 
hooks, the cells being .-.liort-circuitcd individually for the few minutes required for this 
operation. At infrequent intervals, cells must bo shorted out of tiie circuit for a 
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sufficient time to permit draming, cleaning, and inspection of the lining If produc- 
tion schedules p'^rmit, an entire cdl block or group is usually cut out together for this 
purpose 

Corroded anodes arc advanced through the wash tanks by overhead cranes, if 
dip washmg is used the spacing between anodes being first closed up to permit four 
sets of anodes to be handled together Ihe shmes are then removed by passing them 
between revolving fiber brushes or by scraping and brushing m the case of very hard 
slimes If dip washing la not practiced, the shmes must be brushed off m a tank of 
electrolyte and careluHy washed by countercurrent decantation The washed slime 
may bo dewatered in a filter press or centrifuge, and further dried to n moisture content 
sufficiently low to permit chaining to the melting furnaces In the case of dip-washed 
shmes the slurry from the brushing machine is fed directly to a steam heated atmos 
phene double-drum drier, which reduces moisture content to a low percentage m a 
single operation Briquetting the slinics under heavy pressure at this point will 
increase the efTitu-ncy of the subsequent melting operation, but this practice has not 
\et been applied commercially 

Shme Treatment — llie details of subsequent elimos treatment arc naturally 
variable, being dclcrnunod b> the composition nnd relative importsucc of the con 
tamed values A number of wet methods of treatment have been proposed, but none 
has been widely used IMien, as is often the case, the precious metal values are the 
primary concern, the general procedure is as follows Tlio elime is melted m a reverbera 
tory furnace and the metal tran»f erred to a furnace with submerged tuyeres and blown 
with air The major portion of the arsenic and anumony is thus removed by volatili* 
zatioQ as o^ide fume, which is collected in a bagliouse connected to the fine system 
Slags removed from the early stages of the operation contain the remainder of the 
arsenic and antimony and the majority of the lead present, as the oxidation proceeds 
the residual lead is slagged off together with bismuth, copper, and tcUunum The 
final stages of the oxidation are conducted m a separate furnace, m which the tuyeres 
may be abov c the metal bath, and to finish the charge, soda ash and niter are added 
to complete the removal of the tellurium and copper A dor^ bullion asrainug at least 
99 per cent silver plus gold u tapped from this furnace and cast into shapes suitable for 
acid or electrolytic partmg Ihe slags and baghouse fume are re-treated separately 
for rccov cry of their contained values, including the small proportion of the silver and 
gold which they carry Slags from certain stages of the oxidation ate often segregated 
to facilitate recovery of a particular element, such as bismuth 

Electiochenucal Senes — Reference has been made in this chapter several tunes 
to the electrochemical position of the elements In the following arrangement each 
element is electronegative to tbose that follow and electropositive to those that 
precede it Cs-h, Rb, Na, Li, Ba Sr, Ca, Mg A1 Cr, Mn, Zn, Ga, Fe, Co, Ni T1 
In, Pb Cd, Sn, Bi, Cu, H, Hg, Ag Sb, Te, Pd, Au, Ir, Rh, Pt, Os, Si, C, B, N, As 
So, P, S, I, Br, Cl, O, F— The order vanes slightly according to the acid radical and 
according to dilution, but it is a good guide for expenmental work 
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CHAPTER XIV 


THE ELECTROLYTIC ZINC PROCESS 

By Fredeuick Laist.i Russel B. Carles, = a>"d Guy T. Wever’ 

Definition. — Metallic zinc is extracted from its ores by two main methods, pyro- 
metallurgical and hjMroelectrometallurgical. Tlie older pjTometallurgical operation, 
commonly referred to as the “retort process,” depends on the reduction of zinc oxide 
to the metallic state by carbon. The hydroelectrometallurgical operation, com- 
monly referred to as the “electrolytic-zinc process,” is a much later development in 
which roasted zinc ores are leached in dilute sulphuric acid and the zinc obtained in 
the metallic state by electrolysis of the resulting solution. Zinc produced by this 
method is called “electrolytic zinc” to distinguish it from the “retort zinc” produced 
by the retort process. 

The electrolytic-zinc process was originaUj' confined to the complex lead-silver 
ores of zinc not well suited to the retort process. Further developments of the process 
have enabled it to be applied to almost any type of zinc ore. 

Many variations of the electrohdic process have been investigated, both as to the 
zinc salt to be electrolyzed and as to the method of preparing the solution, llie only 
successful large-scale operations have used dilute sulphuric acid leaching and elec- 
trolyse of the resulting zinc sulphate solution. This method is cyclic in that it uses 
the dilute sulphuric acid formed during the electrolysis of zinc sulphate solution as 
the source of acid for leacliing additional material. The use of zinc chloride solution 
in the electrolytic-zinc process has never met with any outstanding success. Tin; 
only commercial unit of this kind was the small plant of Brunner, Mond and Co., 
England, operated between 1S96 and 1924, with a capacity of 5 to 10 long tons of zinc 
per day. Since that time no commercial plant has operated using zinc chloride 
solutions. Several companies have experimented with the electrolysis of fused zinc 
chloride; but this method has never been found satisfactory. 

History. — It has been known for more than 75 years that znic could be deposited 
from its solutions by electrolysis, but no attempt was made to apply this knowledge 
on a large scale as a method for producing zinc from its ores until about 1880. Proc- 
esses emplojdng both zinc chloride and zinc sulphate solutions were tried from time 
to time without marked commercial success. In 1914, the .\naconda Copper Mining 
Co. at Anaconda, Mont., and the Consolidated Mining and Smelting Co. at Trail, 
B. C., began independent investigations of the process as a means of sohdng the 
problem of trcatu\g complex ores occurring in their respective districts. Both were 
sufficiently successful to justify the erection of small test plants which were rapidly 
enlarged as the war demand for high-grade zinc developed. Later, the Australian 
zinc producers were attracted by the successes of these companies and, after a thorough 
investigation of the process and of the results obtained, built a plant at Risdon, near 
Hobart, Tasmania, for the treatment of concentrate from the Broken Hill mines. 

The original plant of the Anaconda Copper Mining Co. at Anaconda, I^Iont., 
was more of a pilot plant for the development of the proce.ss than a commercial unit, 

' Viro-prcsitlcnt in cliarpe oE ^tctnUllrKiral Operation*;, AnacoiKl.n Copper Minins Co., New York. 

* Manasor. Great I'aUs Reduction Department, .Anaconda Copper Minins Co., Groat Iralls, Mont. 

» Superintendent of Indium and Rare Metals Department, Great raUs Zinc Plant, Anaconda Copper 
Minins Co„ Great Falk, Jlont. 
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but before dismantlement it was producing more than 25 tons of zmo per day A 
plant having a capacitj of 100 tons per day waa constructed at Great Falls Mont , 
in 1916 The Great Falls plant wfts located near the source of power, because it was 
more economical to transport the materials to be treated than to transmit the power 
Shortly after the Great Falls plant started operations, the pilot plant at Anaconda 
was abandoned The capacity of the Great Falls plant has been steadily increased 
until at the present time it is capable of producing more than 300 tons of slab zmc per 
day The demand for zmc was such that a plant with a capacity of 150 tons per day 
was built at Anaconda early in 1928 This plant has also been, enlarged in recent 
years 

The original 60-ton plant of the Consobdatcd Mining and Smelting Co at Trail, 
B C , has been enlarged until it 13 now fine of the largest producers of zinc in the 
world 

The Amalgamated Zinc Co first operated a small test plant at Bully Hill, Calif , 
the material treated being concentrate shipped from Austraba This work was the 
basis for the construction of a lO-ton unit at Risdon, by the Electrolytic Zinc Co of 
Australia After a year or so of operating this plant, it was decided to abandon it 
and construct a lOO-ton plant The Risdon plant is now ranked among the larger 
zmc producers 

Tliese companies were the pioneers ui the successful commercial appbeation of ths 
electrolytic zmc process, and all use the same basic process These plants have found 
that, for the electrolysis of zinc sulphate solution a normal current density of 30 to 
40 amp persq ft of cathode surface is the most satisfactory for their particular needs 
Tlus IS considered a low current^ensily operation 

After theee plants had demonstrated the commercial success of the process over a 
period of 10 years, many new plants were built m widely scattered parts of the world 
Most of these plants employ processes closely resembling those developed in the 
pioneer plants 

The Sulhvan Mmmg Co operates a plant of considerable capacity sear Kellogg 
Idaho ^ The outstanding feature of this plant i8thatitusestheTatntQnhigh*density 
high acid process Shortly after this plant was completed, the Evans-IVallower 
plant, at East St Louis lU , was built ‘Ibis plant, also using the Taintoo process 
u as operated for only a short tune In 1 940 it was rebuilt by the American Zmc Co 
for a low-acid low density process as in general use elsewhere 

“rhe early attempts to use sulphuric acid iescbtng were failures mainly because 
the espenmenters failed to reahae that a very high punty of solution was necessary 
for the successful electrolysis of zmc sulphate solution Once this fact was recognized, 
and suitable methods of purification were developed, the ultimate success of the 
electrolytic-zmc process was assured Many important details remamed to be worked 
out, but the fact that with a snlfieiently pure solution, zinc could be successfully 
deposited from an acid solution gave the process enough promise to justify the expense 
of developing the necessary methods 

Most electrolytic zinc plants follow the same basic methods, but are highly 
individualistic in their appbcations of the process The problems encountered by 

* Thia plant is often referred to as tbo SiItw King plant because of its situation. The onziusl 
plant was described by 0 C Tainton and E T I«yaon in Vol 70 Trans AJ M E p 485 1924 I" 
Vol 121 p 527 1936 W G Woolf and E S Crutcher bnng the information concenunz this pispt 
up to that date There have been various hfgh-deiuity plants bmlt here and abroad since the onpns! 

•liillivan installation one of the moat recent being that *V Corpus Chtisli Tex which, hat been w»'' 
covered by G H Cunningham and Allen C Jepfasora in VoL 159 Tram AIME p 199 1944 l‘ 
detailed infonoatioa on the high-densily one procen is desired the reader is referred to these art cles 
and to the Eng lUnxng Jour Vol 14$ No 9 pp 64 72 1938 — Editob. 
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each plant are so different from those of any other plant that there remains no “stand- 
ard” practice that might be used as a basis for comparison. 

Application of the Process. — ^The original idea in developing the electrolytic-zinc 
process was to provide a method for the treatment of complex zinc ores. Those ores 
were mainly lead-zinc-sdver ores, most of which also contained some copper and iron 
and produced a concentrate rather low in zinc content — 30 to 40 per cent. These 
concentrates were not -well suited to the retort process. There is now no doubt of 
the superiority of the electrolytic process for the treatment of ores of this class where 
power is available at a comparatively low rate. Higher recoveries of all metals 
present and lower operating costs per pound of zinc are the two main advantages of 
this process. 

The concentrates originally treated at Anaconda and Great Falls contained less 
than 35 per cent zinc and about 15 per cent iron. Improvements in concentration 
practice since that time have made possible the separation of zinc and lead in many 
ores of this class, with the production of a much higher grade zinc concentrate. This 
higher grade concentrate contains much less lead, iron, and silver than formerly 
encountered and has proved particularly adaptable to the electrolytic process. 

One essential requirement of the electrolytic process is a large source of power, 
the cheaper the better. Most of the large electrolytic-zinc plants have been located 
close to the source of comparatively cheap water power. Power is the largest single 
item of cost in the operation, and it is necessary to obtain the lowest rate possible. 
The lower the rate of power, the wider the range of ores that can be economically 
treated. It is not vitally necessary that water power be available, as cheap power 
can be generated from eoal in some localities and then transmitted to the source of 
ore sxipply. The saving of freight on both ore and coal can then be applied as a credit 
to the cost of producing power. The amount of coal and coke required by a retort 
plant using coal for fuel is just about sufficient to produce the power required for an 
electrolytic plant of the same capacity. Within reasonable distances, it is cheaper 
to generate power at the source of fuel and transport it to the ore supply, than it is 
to ship the coal. Water power is in most cases cheaper than power generated from 
coal, but usually it must be developed in large units to be economical. It may be 
that some possible sources of water power, not now utilized because of the lack of 
sufficient demand near bj', may eventually be developed forthe location of electrolytic- 
zinc plants. The total requirement for a plant producing 100 tons of electrolytic 
zinc per day is about 20,000 hp. 

From the standpoint of labor requirements and working conditions, the elec- 
trclj-tic process compares favorably with the best of the industrial plants. For the 
production of 100 tons of zinc per day from a concentrate containing 55 per cent zinc, 
less than 200 men are required. A large number of these are comparatively unskilled 
labor. A high class of labor is attracted, making for a steady and dependable supply 
of labor of more than average efficiency. 

The cost of construction of an clcctrolj'tic-zinc plant is necessarib^ high, owing to 
the large amount of copper, lead, and aluminum required for bus-bar lines, electrodes, 
electrode support bars, solution piping, acidproof pumps, and other acidproof equip- 
ment. The high salvage value of an clcctrolj'tic-zinc plant offsets the hcavj' first 
cost. The cost of buildings for an electrolj-tic-zinc plant need be no more than for a 
retort plant of like capacity. The difference in cost between the two is mainly for the 
equipment contained in the buildings. Wlicn the high salvage value of an clectrolj-lic 
plant is credited to the cost of constniction. the ultimate difference in cost between 
it and a retort plant will be little, if .anj-, in favor of the retort plant. 

The normal production of a high-purity zinc is a large factor in favor of an elec- 
trolytic-zinc plant. Zinc of high purity usually commands some premium over the 
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lower grades It is possible for an dectrolytic plant to furnish zinc of any specified 
analysis, varying either the cadimum or lead content to suit the customer Any 
grade up to the ‘ electrolytic” grade isith a puntyof 99 OQ'*' per cent can be produced 
In fact It IS quite common for an electrolytic plant to produce all its cathode zinc with 
a high degree of purity and to debase a portion w ith cadmium or lead durmg melting 
and casting, m order to meet customers' specifications 

The high recovery of metals other than zme by the electrolytic process, and the 
comparatively small amount of residue produced, will, in some cases, result in the 
production of a residue of sufficient value to pay the cost of treatment A high 
recovery of lead flora elcctrolytic-plant residue may be obtained at moderate cost, 
and with some ores the credit from residue may amount to a large item m favor of 
the electroljtic process 

Combinations of circumstances are possible that will eliminate either the elec- 
trolytic or the retort process from consideration for the treatment of any class of ores 
m any locality go both processes should be thoroughly investigated 

The large amount of soluble sdtea lu carbonate and silicate ores u decidedly detri- 
mental to the elcctroiytic-zinc process, making the separation of residue and solution 
a difficult problem This problem has been successfully met bj the plant of the Rho- 
desia Broken HiU Development Co , Broken HiU, Northern Rhodesia This plant 
produces zinc by the electrolytic process from ore containing 25 per cent zinc m the 
form of silicate The outstanding feature of the process used is the conditioomg of 
the leach pulp, by careful control of temperature and acidity, to convert the gelled 
sihcio acid into the granular form 

There are isolated instances in wbich certain impurities, such as arsenic, antimony, 
cobalt, nickel, and germanium, occur in such amounts as to add greatly to the cost of 
solution purification m the electrolytic-zinc process These classes of ores can be 
more economically treated by the retort process 

The electrolytic process is particularly suited to the treatment of concentrates 
produced by the dotation method The smaller the particle size of the concentrate 
to be roasted, the tower the temperature necessary to eliminate the sulphur content 
Also, finely ground calcine is essential for the satisfactory leeching of roasted con- 
centrate A large proportion of zinc concentrate now produced is flotation concen- 
trate, especially smee the general application of selective flotation to ores containing 
both zinc and lead 

Outbae of the Process — An arbitrary division of the electrolytic-zmc process 
groups the necessary operations under three divisions (1) the preparation of ore or 
concentrate for leaching, (2) the treatment of roasted ore or concentrate to produce 
a pure solution of the zinc salt lo be electrolyzed, and (3) the electrolysis of the pure 
solution to produce metallic zme and to regenerate the leachmg solution 

Preparation of Coacentcsla fnc R^clus .^ — voji uil^hidc 
must be roasted to convert the zinc sulphiite present into zinc oxide or zinc sulphate 
Zinc sulphide is insoluble in the leachmg solution, while zinc oxide or zme sulphate is 
readily soluble The conditions under which roasting is earned on also control to 
some extent the solubility of iron, copper, and silver la the leachmg solution Roast- 
ing 18 one of the most important steps m the electroly tic process, especially w hen leach 
mg mth dilute sulphuric acid, as the possible recovery is greatly dependent upon 
how well this step is performed Several methods of preparing the concentrate, 
other than roastuig, have been proposed None of these is commercially feasible 
at the present tunc 

Production of Pure Zinc Solution — ^Ddute sulphuric acid is the onlj solvent used 
in the leaching of roasted ore or concentrate for the commercial production of elec- 
trolytic zinc Not onlj zinc but many other elements, if present m the roasted 
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material, are dissolved by dilute sulphuric acid. Most of these elements must be 
removed from solution to ensure successful electrolysis. The production of a pure 
solution is really a combination of several steps: leaching to dissolve zinc, separation 
of solution and insoluble residue, purification of solution, and clarification of solution. 
This combination is of basic importance to the process as, given perfect roasting, the 
recovery of zinc is dependent on proper leaching and filtration, and the successful 
electrolysis of zinc sulphate solution is dependent on proper purification of solution. 

Electrolysis of Solution. — ^The only successful commercial method so far developed 
for the production of metallic zinc from zinc sulphate solution is by electrolysis. 
Purity of solution is the essential factor. Probably no other process operating on 
such a large scale requires the same degree of purity. Other factors influencing 
electrolysis are the temperature of the electrolyte, current density, ratio of acid to 
zinc in the electrolyte, period of deposition, .and purity of electrodes. Lead or Icad- 
.alloy anodes and aluminuin cathodes are used. The current applied varies from 30 
to 100 amp. per sq. ft. of cathode surf, ace. Purified zinc sulphate solution is fed to the 
electrolyzing cells where, by the application of an electrical current, zinc is deposited 
as a metal on tlie cathode. For each unit of zinc deposited, appro.vimately one and 
one-half units of acid arO regenerated. The efficiency of this reaction decreases 
rapidly as the ratio of acid to zinc increases. For this reason no attempt is usually 
made to remove more then about 75 per cent of the zinc in solution. The spent 
electrolyte, containing about 25 per cent of the original zinc and the acid regenerated 
during electrolysis, is returned to the leaching division to be used for further leaching 
of roasted concentrates. The zinc deposited during electrolysis is removed at the 
end of regular periods and is melted and cast into slabs. 

Zinc is electronegative to hydrogen, and it would be e.xpected that zinc could not 
be deposited from an acidified solution of zinc sulphate. The hydrogen overvoltage 
on zinc, however, is high enough so that zinc plates out in preference to hydrogen. 
Some hydrogen is always evolved, especially' with the higher current densities. 

The simple chemical reactions involved in the roasting, leaching, and electrolysis 
of zinc are as follows: 


Roasting: 

Leaching: 

Electrolysis: 


2ZnS + 302 = 2ZnO + 2 SO 2 
2ZnO + 2 SO 2 -1-02 = 2 ZnS 04 

ZnO + II2SO4 = ZnS 04 -b H 2 O 
ZnS 04 -b M 2 O -b direct current = Zn -b HjSOa -b J^02 


In addition to the dudsions of the process as outlined, there might be added a 
fourth, treatment of the residue. The electrolytic-zinc process is particularly appli- 
cable to the treatment of the comple.v ores of the Western states, and there are in nearly 
every inst.ance sufficient values in the residue to warrant their recovery. 

The great variety' of ores to which the process is applicable results in the produc- 
tion of several classes of residue. Each class of residue requires its own method of 
treatment to produce the greatest possible return. Lead smelting, copper smelting, 
wet methods, or a combination of methods, may be ncces.sary depending on the class 
of rc.siduc produced. 


PREPARATION OF CONCENTRATES FOR LEACHING 

Roasting. — The main object of roasting for the clcctroly'tic-zinc process is to 
obtain the maximum percentage of zinc that will bo readily soluble in the leaching 
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solution Zinc sulphide is practically insoluble m dilute sulphuric acid at ordinary 
temperatures Zinc oxide is rcaddy soluble in dilute sulphuric acid, and zinc sulphate 
IS soluble m water Roasting is done, therefore, to convert the zmc sulphide m the 
unroasted concentrate as completclv as possible mto zinc oxide and zinc sulphate 
Only enough zmc sulphate to supply the acid requirements of the plant is normally 
desirable as any excess must eventually be discarded The acid requirements of a 
plant of this kmd are usually smaU The only acid losses are as insoluble sulphates 
and solution losses The higher the lunc and lead content of the concentrate, the 
greater will be the loss as insoluble sulphates The chief loss of solution is as entrained 
moisture m the residue Usually a sine sulphate formation of 2 to 3 per cent sulphate 
sulphur in the calcine is suHicienl to supply all acid losses A greater amount of 
zmc sulphate than necrasary tends to build up zinc and acid m the sj stem A higher 
concentration of zinc in the solution results in a greater loss of zmc in the residue and 
increases the difficulties of settlement and filtration 

Roasting Furnace — Most eJeclrolytic-zinc plants use some modificat on of the 
Wedge furnace for the roasting of zinc concentrates Fhc Wedge furnace is a circular 
inultiplc-hearth furnace of the McDougall type Nearly every electrolylic-zmo 
plant using this furnace has developed some modification m design, until at the 
present tune, as far as the electrolytic zinc industry is concerned, there exists no 
standard form Figure 1 shows the form of Wedge furnace from which these roodifi 
nations were derived 

Ihe typo of ^ edge furnace used by the Anaconda Copper Minmg Co at its Great 
Falls and Anaconda plants is 25 ft m diameter It has seven superimposed roosting 
hearths plus a top hearth for drying the feed A 5-ft 'diameter hollow steel brick 
lined revolving center shaft carries 26 cast'iron arms, four for each of the drier and 
first hearths, and three for each of the remaining six hearths All the arms except 
those on the drier hearth are cooled with water delivered to the arms through a 
system of piping jnside the center shaft The center shaft is supported on a step 
beating and, complete with bricks, arms piping etc , weighs approximately 50 tons 
The speed of the center shaft varies in uidiridual furnaces from one rexolution in 
4 mm to one revolution m2 mm The drivmgmechamstn consists of a set of reducing 
gears powered by a 15-hp SSS-rpm electric motor The furnaces are fired with 
natural gas, usually by tn o burners on the sex enth or bottom hearth, spaced 160 deg 
apart AVTien additional heat is desired in other parts of the furnace, portable burners 
are set up in the furnace doors 

The concentrate to be roasted is fed by an apron feeder drixen from the revohmg 
center shaft It is discharged from the feeder onto the outer edge of the drier hearth 
and advanced across the hearth by means of rabbles or rakes fastened to the furnace 
arms llTien the material reaches the inside of the drier hearth, it falls through holes 
to the next hearth below the first iQastinjg,hftaxth. TbA taiKs. nn. tbA tabhle arms of 
the hearth are set to move the material outward, when it reaches the outer edge 
of this hearth, it falls through drop holes onto the next hearth, and so on down through 
the furnace The roasted material, commonly called calcine, is discharged from the 
sex enth, or lowest, hearth mto two steel hoppers provided as a temporary storage 
for calcme These hoppers discharge mto cats for lemoviag the calcine 

The gases produced by the roasting process pass upward through the furnace 
countercurrent to the material being treated From the first roasting hearth, the 
gases arc passed into offtake flues that lead to the mam gas flue The roasting of 
flotation or fine table concentrates in this type of furnace is productive of a large 
amount of flue dust which must be collected and returned to the furnaces for further 
t-eatment A part of the dust settles out in the flues adjacent to the furnaces These 
flues are hoppered to facilitate removal of this dust, which is ordmardv returned to 
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the furnace where it was produced. A large portion of the dust, however, is collected 
very efficiently by a Cottrell precipitator and is fed to a furnace operating on flue 



dust alone. This method of Iiandling tlie flue dust is mucli more satisfactorj" than 
attempting to tre.at a proportion.al amount of du.st through eacli individual furnace.' 


380 


^'ONFERSOVS VETALLVRGy 


The materials to be treated are flotation or fine table concentrates, over 50 per cent 
of which will pass a 200-mesh screen The calcine product from the roastmg furnaces 
contains a certain amount of oversize material that is screened out, crushed, ground, 
and retur icd to the furnaces for further treatment Dust collected from the furnace 
flues 13 a!ao re-treate<I through the furnaces These last two materials contain an 
appreciable amount of unroasted matter which must be further oxidized before they 
are suitable for leaching purposes 

The amount of flue dust carried away from a furnace during roastmg depends m 
large part on the fineness of the concentrate and on the volume and velocity of the 
flue gases The amount of dust that can be carried by a gas of given volume depends 
mainly on the velocity of the gas stream A reduction in velocity of a given volume 
results m an even greater reduction in the maximum load of dust that can be carried 
by that gn en volume of gas In order to beep down the amount of flue dust produced 
bythefumace it is necessarj tokeepthegaavolumeandvelocitysslowaspossibleby 
carefully regulating the door openings on each hearth to give only the amount of 
air neecsaSiy for roasting and for cooling the upper hearths Ordinarily the Wedge 
furnace has but two gas offtake flues The addition of one or more offtakes loweis 
the velociti of the gases very materiaUy and allows more air to be admitted to the 
furnace without increasing the amount of flue dust produced If a large portion of 
the dust collected from the flues is leluTned to one furnace (or more if necessary) and 
the gas A olumc on this furnace is held os low as possible, the amount of dust recireu 
lated maj be kept at a nmimum 

The capacity of this type of furnace varies widely with the class of material treated 
The amount of lead contamed m the concentrate has a large effect on the amount that 
can bo treated The capacity of a furnace is greater for high zme concentrate con- 
taining relatively low lead values than for a lower grade high lead concentrate The 
limiting factor for low-zuic complex concentrates is the ability to cool the upper 
hearths without undue production of flue du«t In general the higher the sme con 
tent of the concentrate the higher the roosting temperature required The normal 
limits when roastmg a higli grade zinc concentrate arc 40 to 60 tons of new feed per 
24 l>r 

Lump coal pulverized coal oil and gas liave all been used as fuel in these furnaces 
Gas w by far the most satisfactory A large part of the nsh from pulv erued coal settles 
in the furnace and flue system and eventually finds its way out m the calcme Then 
it adds to all subsequent operating costs, such as leaching filtration, and residue treat- 
ment Fuel requirements v ary with the class of concentrate bemg roasted When 
usmg pulverized coal containmg a heal value of 10,000 B t u , the observ cd limits are 
from 7 to 18 per cent of the weight of concentrate Oil renuirements are about 
20 per cent less than coal on a heat-unit basis of comparison Gas requirements vary 
from 3500 to cu It of 1000 S tu gas per ton of concentrate 

The electrolytic-zino plant of the Ckmsolidated Mining and Smelting Co of 
Canada, at Trail, B C , has developed a burning concentrate process" of roasting 
zinc concentrates This method sdso known as "flash roasting " under BOine coo 
ditions has decided advantages over the conventional method The ongmal roastuig 
practice at Trail employed standard ^edge furnaces Eight of these furnaces were 
converted to flash roastmg by removing the second, third, fourth, and fifth hearths 
from each furnace to form a combustion chamber 

The top or drier hearth is covered and along with the regular first hearth, is used 
to dry completely the wet concentrate feed Some gas from the combustion chamber 
13 by passed through this chamber to aid m the drying process The wet concentrate 
u fed at a controlled rale to the dner hearth through a closed chute After being 
thoroughly dried while passing o\ er the two dnerluiarths, the material is then delivered 
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to a ball mill situated near the furnace. The ball mill pulverizes all lumps formed 
during the drying process. The discharge from the ball mill is then elevated to storage 
hoppers over each furnace. 

The material at this point is fine, dry, and at about 95°C. It is fed from the stor- 
age hoppers by air injectors which deliver it to the burner. At the burner it is mi.xed 
with air supplied by a fan and is blown into the top of the combustion chamber of the 
furnace. The material ignites immediately upon entering the furnace, and in burning 
maintains a temperature between 900 and 950°C. in the combustion chamber. No 
o.xternal heat is needed to maintain the roasting temperature, as all heat is supplied 
by the burning concentrate itself. The temperature of the combustion chamber is 
maintained between very close limits by carefullj’’ controlling the ratio of concentrate 
to air. 

About 40 per cent of the material introduced into the combustion chamber is 
carried out of the furnace with the flue gases. The hot dust and flue gases pass 
through waste-heat boilers where approximately 1.1 lb. of steam is generated for each 
pound of concentrate treated. The gases pass from the boilers into cjxlone collectors 
where most of the dust is removed. The remaining dust is then removed by passing 
the gas stream through a Cottrell precipitator. 

The material settling to the bottom of the combustion chamber of the furnace, 
comprising about 60 per cent of the total, is rabbled across two collecting hearths at 
the bottom of the furnace. There the remaining sulphide is oxidized, and the finished 
calcine is then carried to a calcine storage by means of conveyers. The collecting 
cliamber can, if necessary, be used as a sulphating chamber by the introduction of a 
strong atmosphere of sulphur dioxide. Under normal operating conditions, the cal- 
cine from the flash-roasting furnaces at Trail assays, on the average, about 0.3 per 
cent sidphide sulphur and 0.4 per cent sulphate sulphur. 

The capacities of the suspension-type roasters at Trail have been increased by the 
introduction of oxygen into the furnace during roasting. The oxygen is obtained 
as a by-product from an ammonia plant. 

The zinc roasters of the Gicsche Spolka Akcj-zna, Poland, have been changed 
over to suspension roasting. No heat recovery has been attempted, and the roaster 
gases are taken off the top of the furnace. It was found necessary to grind the flota- 
tion concentrates to obtain thorough roasting. 

The advantages of this method of roasting are: more than doubling the furnace 
capacity, saving in cost of fuel, and production of gas rich enough in sidphur dioxide 
or acid manufacture. The disadvantages arc; production of a much greater 
percentage of flue dust, higher gas temperatures, and the diying and grinding of 
concentrate. 

The advantages outweigh the disadvantages heavily where fuel is expensive and 
acid is to be produced from the flue gases. Also, where large quantities of steam can 
bo utilized, the waste-heat boilers arc a decided advantage. By proper control of the 
air supplied to the furnace, fusion of the roasted particles is avoided and the resulting 
calcine can be leached without difficultj'. 

The Flin Flon plant of the Hudson Baj' Mming and Smelting Co. uses modified 
Wedge-type roasters operating on the “split-draft” process. This typo of furnace is 
equipped with gas offtake flues on both the first and seventh hearths. Under normal 
operating conditions, the draft splits at the third or fourth hearth, with about one- 
fourth the gas leaving the furnace from the first hearth. By regulating the amount 
of g.a.s drawn from the upper or lower offtakes, the location of the heat zone in the 
furnace can be controlled. The amount of concentrate fed to the furruice is so regu- 
lated that the heat of combustion of the concentrate is enough to maintain roasting 
temperature. \Miilo no external heat is used for normal operation, several stand-by 
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burnera using pulverized coal arc installed on each furnace to be used in case of 
necessity and for heating the furnaces Tihcn starting up alter a shutdown period 
The electrolytic plants at Ordzhonikidze and Cbcliabinsk, USSR, each have 
25-ft -diameter roasters designed to operate on the split-draft principle The split- 
draft process permits the heat of combustion to be used under full control and elimi- 



nates the use of extraneous fuel It pramits n close control of sulphation gi^es 
consistent low operating tempetalures with alow ferrite foimation and increases the 
life of the roaster bricks and rabble arms 

The Electrolj tic Zinc Co of Australasia at lUsdon Tasmania, has a somewhat 
different roasting practice from most other zme plants The material deUvered to 
the Risdon plant 13 not raw concentrate but has been preroasted before shipment 
This material when delivered eontamg about 7 per cent sulphur with about 6 per cent 
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as sulphides. It is wetted before shipment with water relativel 5 ' high in chlorine and, 
being carried by ships, is also liable to accidental wetting with sea water. 

The furnaces are of Risdon design and are a modification of the Leggo furnace 
used for roasting arsenical pyrites. Each furnace has four superimposed hearths 
85 X 8 ft. Each hearth has a flue connecting to the main flue system. The furnace 
charge is fed on to the top hearth through a hole in the top, and from this hearth to 
the lower hearths through regulated openings. Each hearth is practicallj^ a separate 
furnace. The furnace is built on a slope of 1:12 and has 16 columns which carry the 
rabble arms for each hearth. The sweep of each rabble arm overlaps the sweep of the 
next in line, and by this means the material is carried the length of the fmrnace. Each 
furnace treats about 90 tons of charge per daj’’, with a fuel consumption of 10 to 12 
per cent of the weight of the charge. The fuel used in the furnaces is slack coal burned 
on a traveling-grate stoker. 

The Formation of Ferrites. — ^The presence of iron in zinc sulphide ores causes the 
greatest loss in the electrolytic-zinc process. Under certain conditions, zinc oxide and 
iron oxide combine to form zinc ferrite, ZnO.Fe-Oj, which is insoluble in warm dilute 
sulphuric acid. No successful commercial method has yet been developed to prevent 
the formation of some zinc ferrite during roasting, but its formation can be partially 
controlled by a careful regulation of roasting conditions. The formation of ferrites 
is dependent on the iron content of the concentrate, the association of the zinc and 
iron content, the temperature of roasting, and the length of the roasting period. 
Analysis of the concentrate will not alone serve as a means of predicting the amount 
of ferrite that will be formed. A concentrate with a relatively low iron content, 
with the zinc and iron closely associated, will tend to form more ferrites during 
roastuig than a concentrate with a higher iron content, but with the iron and zinc in 
less Ultimate contact. 

Iron sulphide oxidizes at lower temperatures than zinc sulphide, and it is possible 
by careful control to make a preferential roast if the initial roasting temperature is 
kept below G00°C. The object is to prevent the simultaneous oxidation of iron and 
zinc as much as possible. Some zinc sulphide will always be roasted, however, even 
at low temperatures, with the subsequent formation of ferrites. If, however, the main 
bulk of the iron sulphide is roasted first, and the zinc sulphide later, the chances of 
combination are greatly reduced. When the particles of zinc and iron are very 
intimately mixed, as in marmatite, preferential or selective roasting is practically 
impossible and a high percentage of ferrite is bound to result. The general practice 
is to keep the temperature as low as possible throughout the furnace and, cspecialljq 
to keep the temperature on the first two or three roasting hearths below 600°C. As 
the iron content of a concentrate increases, the possibility of making a selective roast 
also increases. Most low-iron concentrates roast with complete combination of the 
iron and zinc as ferrite. Figure 2 gives data taken from roasting low-zinc high-iron 
concentrate. The data in Table 1 were obtained in the laboratory on samples from 
the same class of concentrate and show that the analysis cannot be depended upon to 
determme tlie amount of ferrite formation. 

Roasting Temperature. — Roasting depends almost entirely on the control of tem- 
perature and time. The length of the roasting period is set by the roaster speed and 
the de.sign and position of the rakes on the rabble arms. WTiile it is possible to change 
the speed of a furnace by a change of gearing, the speed is usually constant over long 
periods of time. A variation in rabbling time by a change in design and spacing ol 
rake.s is also possible but, like the turning speed of the furnace, has no flexibility of 
control. Therefore, the control of roasting is dependent on temperature, which is, 
in turn, controlled by the amount of fuel burned and the quantity of air admitted to 
the furnace. 
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Tabu 1 



Not*— R oMts 6S0*C wAli xKtmpt to eacitcol lalphaW 

lulphur 


The maximum tempecatuces m roasting for the electrolj-tic-zino process maj be 
giien as approximately 650®C for complex ion.zinc concentrates, and 750“C for high 
sme concentrates In order to obtain speed in roasting, the temperature must be 
cariied as high as possible svitbooi materially lorretmg the solubility of the product 


Table 2 



Percent 

Zn 

Per cent 
Pb 1 

1 

Percent 

Fe 

Per cent ' 
S 1 

Per cent ' 
SO«-S 1 

Per cent 
soluble 
Zn 

Concentrate A 

Calcmo A 

32 3 

35 0 

8 2 

15 6 

1 

1 32 4 

3 8 

3 2 

SO 3 

Concentrate B 

Calcine B i 

32 3 

34 6 

1 

IG 4 

1 

8 7 

28 4 

3 0 

3 5 

88 5 

! 


The initial temperature should be tv ell under 600*C for at least one roasting hearth 
This IS especially true for coocentratea coDtamiog appreciable amounts of lead and 
iron sulphides Lead sulphide fuses without roasting if the initial temperature is too 
high and forms a bard crust on the hearth under the rahes It may also coat the 
particles of zinc sulphide and form lumps tl«t will pass through the furnace without 
being roasted, these must be screened out of the calcine, crushed, ground, and returned 
to the furnace for additional roasting As the initial temperature increases the lo«3 
of lead through the formation of fume also increases rapidly High initial tern* 
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peratures in the presence of iron sulphides are very conducive to the formation of zinc 
ferrites. 

With the initial temperature low, the temperature lower down in the furnace 
must be increased to complete the roasting of zinc sulphide and to prevent the forma- 
tion of an excessive amount of zinc sulphate. This temperature must also be kept 



Fig. 3. — Roasting high-grado concentrates in 'SVedge furnace. 


high enough to prevent any appreciable amount of sulphide sulphur being left in the 
calcine, as each unit of sulphide sulphur will hold approximately twice its weight of 
zinc as an insoluble compound. The temperature must not bo raised too high, as an 
increase in temperature tends to increase the formation of zinc ferrites. Roasting 
then becomes a nice balance between the formation of ferrites and the amount of 
sulphide sulphur left in the ore. 
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Each conpcntrntc treated is a proWem m itvif, and tJie beat roasting conditions 
must bo dctcnniiicd b\ actual practice llie best conditions for roasting a roncen- 
trate cannot bo satisfactorib dct«rmm«l on « amall scale, but must be tried under tlie 
actual roasting conditions in tbe fiirnaee I igiirw 2 and 3 give tcmpcraturca from the 
operation of two furnacea on widely diflerent classes of concentrate 


Tadlf 3 


Hearth 

Per cent ' 
SOi 

I 

Gas 

lemperntiiTO, | 
degrees j 

Centigrade I 

Calcine 

temperature, 

degrees 

Centigrade 

Per cent 
CO, 

1 

.0 1 

43S 1 

459 

1 

2 6 

2 

2 8 

'ifiO 

551 

2 5 

3 

2 2 1 

f.2G 

GG5 

2 7 

1 

1 2 

GSO 

CCS 

2 S 

S 

0 a 

G22 

G33 

3 4 

G 

0 3 

C22 

C52 

1 3 C 

7 

0 1 

W3 

G03 

' 3 0 


Teinporalure regulation in the furnare is obtainct! bs tarjing the amount of air 
admitted into the furnace at dilTcrcnt points and also bj \arjing the amount of fuel 
burned The Wedge roaster radiates only a ninnll amount of the total heit insohcd 
m the proccM Some bent la conducted away U> the cooling water m the arms but 
is only a small part of tlie total Approximatelj 60 per cent of the heat osolvort 
during the combustion of line sulphide c«enpe8 with the flue pases With the same 
rinc contint, but uith varying amounts of li id sulphide and iron sulphide, very differ* 
ent heat problems uill be present«l Analysis of Iwo concentrates and the resulting 
calcines taken from monthly asetages m aeinnl praeliee nre given in Table 2 The 
difference of 4 per cent in sulphur content of ihesi concentrates « due to the difference 
m iron content and must be ctiminitcd on the upper hearths, requintig more cooling 
air for coucentratc A If the lower part of the furnace i3 required to do too much 
roasting, the larger volume of hot gases from the lower hearths tends to raise the 
tcmpciaturc on the upper hearths and will require more cooling oir on these hearths 
Too much air admitted to the hesrlbs where sulphur is burning tends to raise the 
temperature still further It is essential to keep tho xolume of pas as low as possible 
wi Wiu ’itiwuj ^fwciViib A ■proper control oi upper-hearth temperature is to he tfc/iswi/ei 
without too great a total gas volume Tabic 3 gnes the temperatures and SOj 
analysis, by volume, of the gas on tbe diQereOt hearths of a furnace roasting low line 
concentrate with excellent results PuKcrizCd co&l was used for fuel 

Sulphate Roasting— The term "sulphate roasting” as commonly used m connee 
tion with roasting for the production of electrolytic sine is really a misnomer 
not desirable to form more zinc sulphate thm is requu-ed to offset the lo«3 of acid in 
the leaching plant This term was coined to apply' to the set of roasting conditions 
necessary to supply acid for a plant using iunestone or milk of lime for ncutralwatiou 
m the leachmg division, thereby greatly incrcasuig the loss as insoluble sulphates m 
the residue In this process, unless sufficient acid was formed to offset this loss, it 
was necessary to add fresh acid to the system The maximum amount of ejlpbate 
sulphur formed in practice Avas about 6 per emit of the weight of calcine Ordmarj 
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roasting practice on the same class of material would give about 3 per cent sulphate 
sulphur. 

The chemical reactions involved in the formation of sulphate sulphur are debatable, 
as are all the reactions during the roasting process. In any case they are many and 
involved. 

The reaction ZnS + 2 O 2 = ZnS 04 is possible, but if occurring where the tempera-- 
ture is high, it would immediately be broken down into zinc o.xide with the formation 
of SO 3 . Whether zinc sulphate is formed according to the reaction ZnO + SO 3 = 
ZnSOi or by ZnO + SO 2 + 0 = ZnSOi is not especially important. In either case 
the presence of iron as a catalyst is necessary to the reaction. Some ferrite, ZnO.- 
FciOs, may also be decomposed, forming ZnS04, in the presence of a strong atmosphere 
of SO 2 . 

A furnace roasting for a certain amount of zinc sulphate in the calcine must be 
operated at a lower temperature, especially on the lower hearths, than when roasting 
in the normal manner. A largo amount of air must be admitted to the lower hearths, 
whicli gives a greater dust loss due to the increased gas volume. 

Behavior of Impurities in Roasting. — ^Varying percentages of arsenic and anti- 
mony arc eliminated in roasting zinc concentrates, as is illustrated in Table 1. The 
amount eliminated probably depends on the form in which they occur in the concen- 
trate. Most zinc ores are quite low in these impurities, which is indeed fortunate 
as they arc among the most detrimental to the process. 

Some copper combines with iron during roasting, the combination being insoluble 
in dilute sulphuric acid. Concentrates containing high percentages of iron produce a 
smaller proportion of soluble copper than those low in iron. Some copper sulphate 
is formed on the upper hearths of the furnace, but is later decomposed by the higher 
temperature on the lower hearths. 

A large percentage of the lead content of the concentrate may be volatilized if the 
temperature of the upper hearths is too high. Too high a temperature in the furnace 
also maj' cause tire lead to fuse and coat a considerable portion of the unroasted zinc 
sulphide, preventing further roasting of the coated particle. Some of the fused lead 
may also work into the hearth bed, forming a hard crust. 

One disadvantage of the sxdphato roast is the high percentage of soluble iron in the 
calcine. This would indicate that some iron sulphate is formed in roasting. In 
roasting without the necessity of forming sulphates, the finishing temperature is high 
enough to break up the iron sulphate, and most of the iron in the calcine is then 
insoluble in the leaching solution. All iron that is dissolved in the leaching solution 
is finally precipitated from solution as ferric hydrate or basic sulphate and, when too 
much is present, will render the residue from the leaching plant practically impervious 
to the passage of wash water. 

Silver is rendered less soluble at low than at high temperatures; but when the 
initial roasting temperature is high, the silver is apt to be volatilized. 

Chlorine and fluorine, if present, are largely eliminated during roasting, as most 
chlorides and fluorides are volatile at the temperature of roasting. 

Notes on Roasting. — The bedding of calcine between the rakes and the brick 
hearths is found to contain a high percentage of zinc sulphate, especially on the second, 
third, and fourth hearths. This material becomes quite hard ; the hardness increases 
with the temperature of roasting. At frequent intervals the rakes are removed 
from a rabble arm, a plow is put on, and the crust is cut loose from the hearth. This 
crust is then removed through the furnace doors. If allowed to stand in the open, 
this crust will absorb moisture and disintegrate. Usually this crust is cnislicd, 
ground, and returned to the furnace to be given additional roasting. In order to 
prevent the formation of heavy crusts, a layer of sand is spread over the brickwork 
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of the hearth before the furnace la started Thia sand is renewed at intervals of about 
two years thereafter 

Some lumps are always formed during roasting and should be removed from the 
calcme before debvery to the leaching plant If Pnchuca tanka are to be used for 
leaching, the calcine must be screened through J^-in screens The oversue product 
usually contains enough sulphide sulphur to cause trouble m leaching, especially in 
cases where high acid strengths arc used tVTien sulphide sulphur is present, a reduc- 
tion of iron in solution from the fernc to ferrous state may take place with an increase 
in the loss of zinc in the residue The oversize material screened from the calcme is 
crushed, ground and returned to the furnace for further treatment 

The hot calcine from the roasters must be cooled m order to prevent injury to 
employees and to lessen the hazards from fire In the Anaconda plants the processes 
of coolmg and screening are carried out together The hot calcme from the roasting 
furnace is com eyed by larry eats to bins above the coolers These coolers are hon 
zontal rotating cylinders, Imed with a large number of pipes Cooling water is cir 
culated through the pipes, and the calcine la cooled durmg passage through the 
cylinders The calcine when reaching the discharge end of each cooler is passed over a 
trommel screen rotated by the cooler The undersize material drops through 
the screen into storage bins directly beneath The oversize falls into a screen con 
veyer where it is carried to a vibrating screen where further classification is made 
The large lumps that will not pass through a screen arc collected, crushed, 
ground in a ball mill, and returned to the roasters The lumps that pass a in 
screen but not a H m screen are ground in a ball null, without crushing, and also 
returned to the roasters The material passing through the H*in screen is regular 
calcine and is suitable for delivery to the leaching plant 

PRODUCTION OF A PURE ZINC SOLUTION 
Classificatioa of Operations — ^The operations necessary for the production of a 
pure zinc solution from roasted zinc concentrates fall into two mam types leaching 
and purification Theoretical!} , leaching should be con cem ed only with the dissolving 
of zme oxide and sulphate but, from the economic standpomt, it must also include 
the treatment of zinc ferntea and other difficultly soluble compounds A leaching 
process strenuous enough to dissolve certain zinc compounds may take other elements 
into solution, thus making the purification process much more complicated The 
purification processes, under these conditions, fall into three mam classifications feme 
hydroxide purifications zinc-dust precipitations, and special chemical purifications 
Chemically, the leaching and purifying processes are separate and distinct, but 
m commercial practice they are sometimes so interwoven that division is difficult 
Much of the actual purification of solution takes place m the leaching tanks The 
dissolving of zinc oxide, for example, w cdten simultaneous with the removal of certain 
impunties by feme hydroxide m a single neutral leach 

Equipment — Standard types of leaching, settling, filtration, and clarification 
equipment have been adapted to the needs of the process, thereby simpbfymg the 
mechanical problems Fachuca tanks are generally used for leaching the size depend 
ing on the needs of the plant standard thickeners are used for thickening of pulp 
standard contmuous vacuum filters are employed for filtration of the thickened pulp 
any type of mechanical agitator of large capacity will answer for zinc-dust punfi 
cation, and standard pressure filters are used for clarification of solution All equip- 
ment should be constructed of matenala not attacked by acid or by copper in solution 
Lead and wood are commonly used for the construction of parts in contact with acid 
and lead, copper, or bronze for parts in contact with neutral solutions contaming cop- 
per The recent dev elopments in alloys have produced matenaU that are rapidly 
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being adopted by the electrolytic-zinc industry. A further increase in the use of these 
materials can be expected as their production is increased and their applications are 
proved. 

The use of materials that are resistant to corrosion requires considerable extra 
capital outlay over the cost of similar equipment of iron and steel. This is largely 
offset by the high salvage or scrap value that can be credited against the heavy first 
cost of construction. 

The Pachuca tank is especially well adapted to the continuous leaching practice 
that has been adopted by the larger plants. The Pachuca tank operates on the same 
principle as the common air lift. Pulp is circulated and agitated by means of an air 
lift placed centrally in the tank, the pulp entering the lift at the bottom of the tank and 
being discharged at the top. The common size of tank is 8 to 10 ft. in diameter and 
20 to 30 ft. deep. An inverted cone built into the bottom of the tank serves to 
deflect solid particles to the center so that thej' will be drawn into the air lift. The 
tank and air lift are made of wood, and the tank staves are bound together with iron 
hoops covered with sheet lead. An e.xtra lining of wood inside the tank serves as a 
protection to the tank staves and can be easily renewed when necessary. This adds 
materially to the over-all life of the tank proper. Figure 4 shows the usual form of a 
Pachuca tank, with the method of supporting the central air hft and of admitting the 
air to the lift. 

Compressed air at 20 to 30 lb. pressure is cmploj'ed for agitation of the pulp. The 
consumption of air ranges from 100 to 150 cu. ft. of free air per tank per minute in 
order to maintain sufficiently violent agitation to prevent classification of the pulp. 
Even then some classification takes place, and over a long period of time the tank 
begins to build up in solid particles too heavy to be moved by normal agitation. It 
is advisable that the air supply to the tanks be also connected to a source of air under 
SO to 90 lb. pressure. Then, when a tank begins to load up in the bottom with heavy 
material, a short period of more violent agitation will usually clear it. 

The tanks in continuous-leaching practice are in series with connecting launders 
at the top of the tanks. The rate of flow through the scries of tanks may be regulated 
bj' partiall}'’ closing the connections between tanks. The number of tanks in series 
depends on the volume of pulp to be handled per unit of time and the length of time 
required to complete the reactions. 

The leached pulp going to the neutral thickeners sometimes contains such a large 
amount of coarse material or “sand” that, unless removed, it would cause trouble 
uith the thickener mcehanism. If this is the case, the pulp is first passed through 
some type of classifier or sand trap and the coarse particles are removed. The trapped 
“sand” is then either added to the thickener underflow or given special treatment. 

Standard thickeners are used for the separation of solution and solids. These 
are much the same tjqje as those used in cyanide practice; but more slope and a larger 
discharge cone for the thickened pulp should be provided, especially for thickeners 
handling an acid product. The tanks are made of wood staves held together with iron 
hoops covered with sheet lead. The bottoms of the thickeners are often made of 
concrete poured over sand on a wooden floor. Ch'crflow launders are made of wood. 
They may bo lined either with brick or with a thin layer of wood that can be easily 
replaced when worn. Launders for use with acid-bearing solutions arc often lined 
with sheet lead. 

The drums or forms of the continuous vacuum filters used are made of wood or 
l)ronze, and the tanks arc of either wood or steel with a lead lining. All pipes and 
fittings are of copper or bronze. For the filtration of a slightly acid pulp, the best 
filter cover yet developed is a pure unw.ashed wool blanket, placed so that the nap is 
on the outside of the filter. Such a cover will not “blind” easily, as the threads do 
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not swell when soaked in dilute acid. Also the nap acts as an automatic valve, closing 
when under suction and opening and freeing the cloth when under pressure. The 
natural oil in the wool protects the fiber against attack of dilute sulphuric acid. The 
dry vacuum system is used, and the solution receiver is made of either wood or bronze. 
To prevent vapor or spray from getting into the vacuum pumps and corroding valves 
and cyhnders, receivers and traps should be of extra-large capacity. 

Mechanical agitators with bronze or wood shafts and impellers are used for zinc- 
dust purification of solution. Plate-and-frame filter presses of bronze are generally 
used for clarifying the solution. Zinc sulphate solution, even when free of copper, 
will cause iron plates to corrode quickly, thereby plugging solution passages. All 
pumps and solution lines for handling neutral solutions containing any copper are 
made of bronze, copper, or stainless steel. Lead or stainless steel pumps are used for 
acid solutions, while wood or lead lines are used for conveying the solution. 

Leaching. — The primary object of leaching is to dissolve all zinc oxide and zinc 
sulphate contained in the roasted concentrate in dilute sulphuric acid according to 
the reaction of ZnO + H 2 SO 4 = ZnSOi -h H 2 O. Unfortunately, some iron, arsenic, 
antimony, silica, alumina, copper, cadmium, cobalt, germanium, and a few other 
elements are also dissolved and must be removed from solution before successful 
electrolysis can be carried out. It is necessary to neutralize completely all sulphuric 
acid to ensure the removal of most of these impurities. This may be done as a con- 
tinuation of the leaching operation by the addition of finely ground limestone or milk 
of lime. This constitutes what is known as “single” leaching. It is not possible to 
neutralize exactly all free sulphuric acid and precipitate the necessary impurities 
by the addition of calcine. Excess calcine is required to complete the reactions, 
resulting in a serious loss of zinc in the residue and undissolved zinc oxide. In order 
to allow the use of calcine for neutralization and precipitation of impurities, without 
impairment of zinc recovery, a leaching system is employed whereby the residue from 
the first or neutralizing leach is treated with an excess of dilute sulphuric acid to dis- 
solve all acid-solublc zinc. This system of leaching is known as "double” leaching. 

“Single” leaching may be conducted as either a continuous or intermittent opera- 
tion, but is more easily controlled if the intermittent or “batch” system is used. 
Calcine is added to regenerated acid from the electrolyzing cells until the acid strength 
is reduced to as low a figure as possible without impairing the satisfactory recovery of 
zinc — 0.3 to 0.5 per cent H:S 04 . Limestone, finely ground, or milk of lime is then 
added in sufficient amounts to neutralize the remaining acid. Enough excess must 
be added to precipitate all the iron, silica, alumina, arsenic, and antimony present and 
to coagulate the pulp so that good settlement of the residue and a clear thickener over- 
flow is obtained. A great deal of care must be taken by the operator in the single 
leaching sj'stem in order to get a satisfactory extraction of zinc. Only enough calcine 
should be added to bring the acid strength down to the desired point after a long 
period of agitation, as any excess over this amount vill result in a loss of zinc. Milk 
of lime and, to a less degree, limestone will precipitate zinc from a neutral zinc sulphate 
solution, causing some loss of zinc. All the acid neutralized by limestone or milk of 
lime must be replaced either by the addition of fresh acid or by increasing the amount 
of zinc sulphate formed during roasting. The calcium sulphate formed by the use of 
limestone or milk of lime increases the bulk and moisture content of the residue. 
These materials when used are also quite an additional expense in the supply account. 
Xormally, the only justification for the use of single leaching with dilute suljfiiuric 
acid is the samng in the cost of plant and in the operating cost. Only a single set of 
tanks and thickeners, with the nccessarj’' auxiliary equipment such as classifiers, 
pumps, etc., is required for the application of this method of leaching. A plant 
producing only a small daily tonnage of zinc, requiring a .small volume of solution. 



398 


7;0W£iI«0i;S METALLURGY 


should use intermittent or batch leaching for the first or "neutral” leach, therehy 
saving enough in first cost for building and Icachmg equipment to offset any additional 
operating cost 

The single leaching process as practiced by the Sullnan Mining Co , at Kellogg 
Idaho, makes use of lead lined mechanically agitated tanks No limestone or mdk 
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necessary to neutralize the acid and to precipitate nearly all the iron is avoided. This 
method of making the leach improves filtration of the pulp. The Kellogg plant 
operates the high-acid high-current-density process, and the particular problems 
encountered do not generally apply to the low-acid low-current-density process. 

The presence of a large amount of soluble silica in the calcine treated by the plant 
of the Electrolytic Zinc Co. at Risdon, Tasmania, resulted in the development of a 
single leaching process particularly suited to the character of the material. The 
leach is maintained acid, and instead of neutralizing the acid immediately, this step 
is not carried out until most of the insoluble residue is separated from the solution. 
In the usual manner of neutral leaching the problems of filtering, washing, and drying 
caused serious difficulties because of the large amount of silica present. The present 
system was worked out to surmount these problems. 

Double leaching may be conducted as either a continuous or intermittent opera- 
tion, but its most economical application is to a continuous-leaching system when 
there is a large volume of pulp to be handled. The Anaconda Copper Mining Co. 
plants at Great Falls and Anaconda, the Consolidated Mining and Smelting Co. 
plant at Trail, B. C., and the plant of the Hudson Bay Mining and Smelting Co. at 
Flin Flon, Manitoba, are among the larger producers using the double Icacliing 
system. 

With the double-leaching system, the usual practice is to add all the calcine to a 
part of the acid (spent electrolyte) in the first or neutral leach. This gives a large 
c.\cess of zinc oxide for complete neutralization of acid, removal of certain impurities, 
and coagulation of pulp. The discharge from tliis leach goes to thickeners for the 
separation of solids and solution. The spigot product from these thickeners, con- 
taining the incompletely leached solids, is then leached, with or without filtration prior 
to leaching, with enough spent electrolyte to dissolve all zinc oxide and to make the 
pulp distinctly acid — 0.3 to 0.5 per cent HjSOi. The discharge from the second, or 
acid, leach goes to a second set of thickeners for separation of solids and solution. 
The solution from these thickeners is returned to the first leach and mixed with spent 
electrolyte to form the first leaching solution. 

If the calcine does not contain sufficient soluble iron to remove completelj’^ all 
soluble arsenic and antimony, ferrous or ferric sulphate solution is added to the solu- 
tion in the first leach. This iron solution is obtained either by dissolving scrap iron 
or by leaching some iron-bearing material with hot spent electrolyte. If ferrous sul- 
phate is added to the first leaching solution, it is o.xidizcd with manganese dioxide 
before the addition of calcine. Enough manganese dioxide is also ddded to the leach- 
ing solution to oxidize all ferrous iron dissolved from the calcine. The chemical 
equations involved are 

2FeS04 + 2H:S04 + hlnOi: = Fe^CSO^), + MnS04 + 2H:0 

Fe3(S04)3 + 3ZnO + SHjO = 2Fc(OH)s + 3ZnS04 

niesc reactions show that all sulphuric acid combined with the iron is eventually 
available to dissolve zinc oxide and that the iron is precipitated as ferric hydroxide, 
which is insoluble in neutral solution. 

The formation and precipitation of ferric hydroxide assists in the removal of cer- 
tain impurities, such as arsenic and antimony, from solution. This purification is 
very often explained as being due to the reaction of ferric hj'droxide with the impurities 
to form insoluble basic salts according to the equation 4Fe(OH)3 -f- IRAsO,! = Fc40i;- 
(OII)iAs -b SH.O. jMany .authorities disagree with this theory and believe that the 
remov.al of impurities is duo only to an adsorption process. Either theory has con- 
siderable ei-idonce in its fa\-or. Regardless of how the action takes place, it is suffi- 
cient to know that if enough iron is present, and the iron is all precipitated, these 
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elements are completely removed from Bolution At least 10 units of uoc for each 
unit of impurity is necessary for complete clunuiation 

The first leach is so controlled that a large excess of zme oxide, over that necessarj 
to neutralize the acid and to precipitate the iron, remains in the pulp This hastens 
the precipitation of silica alumina, iron, etc , and causes soluble silica to precipitate 
in a somewhat granular form The pulp under these conditions settles readily in the 
thicheners Heal also aids these reactions, and the higher the tempcraluie, the more 
complete the purification of solution and the better the coagulation of the pulp 
As this IS usually the only purification step for arsenic and antimony, the leach must 
be so controlled that it is known positively at all times that this purification is com- 
plete A simple method has been adopted for dettrcling the merest traces of arsenic 
and antimony in solution A hidrogen generator using pure zinc and sulphuric acid 
IS set up The gas generated is passed through lead acetate solution toremo\eanj 
traces of hjdrogen sulphide, and then through siUcr nitrate solution The solution 
to be tested is added to the hydrogen generator and the silver nitrate solution la 
watched for a change in color A trace of arsenic will give a brown discoloration 
ind larger amounts will form a black precipitate 

Samples of the leach discharge arc taken at regular intervals and tested for ferrous 
ainl total iron arbemc and anlimonj, and ct-pper The test for iron is by titration 
with potassium permanganate or il cm be roughly determined mth potassium 
sulphoeyanate The test is made by first adding a few drops of nitric acid to the 
sample to oxidize an) ferrous iron present Then the addition of a fen drops of 
potassium Eulphocyanate wiU indicate the amount of non present by the depth of 
red color produced 

The recovery of zioc in the first or neutral leach is low, usually not over 60 per 
cent of the acid soluble zme being extracted Thy is because of the large excess e! 
zme oxide necessary for complete precipitation of impurities This necessitates the 
addition of about one half of the spent electrolyte to the second, or acid, leach If 
the neutral thickener underfiow product is not filtered ahead of the acid, a large quan 
tily ctf neutral solution is recirculated through tbc system This increases greatly 
the volume of acid thickener overflow and dilutes the acid strength of the neutral 
leach to about one third that of the spent electrolyte This circulation of neutral 
solution has no particular disadvantage except for the number of acid thickeners and 
pumps lequued to bundle the solution 

The object of the second or acid, lexch is to recover as much of the acid soluble 
zinc as possible and the least quantity of impurities, as any impurities dissolved must 
he returned to the first leach Spent electrolyte is added to tho thickened or filtered 
neutral pulp in sufficient quantity to insote the presence of excess acid m the leach 
discharge The amount of excess acid added largely determines the amount of 
impurities dissolved JJsuSiaeDi iUBfiisgjvea for tbe ]eschi:ig operjsiic^ practically 
all the acid soluble zme and only a small part of the total impurities will be leached 
inth an acid strength of 0 5 per cent in the leach discharge Figure 6 illustrates 
graphically the behavior of some of the soluble impurities in the first and second 
leaches Some of the impurities dissolved in the second leach are derived from the 
excess calcine added in the first leach If the acid strength is earned as high m the 
second leach as m the first leach, mote impunties vfiU be dissolved, because there is 
much less zme oxide present to neutralize the acid If most of the zme oxide is dis- 
solved while there is still an appreaable amount of acid present m the leachmg solu 
tion the acid then has a greater opportunity to act on the more insoluble impunties 
Until all iron, arsenic, antimony, etc , soluble m an acid solution of given strength is 
dissolved from the pulp the acid thickener overflow is a saturated solution of these 
impurities for that acid strength "With the volume of the solution constant more or 
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less of these impurities will be dissolved if the acid strength is increased or decreased. 
An increased volume of solution at a given acid strength also increases the amount of 
impurities dissolved. Therefore, if either the volume or acid strength of acid-thick- 
ener overflow is increased, the amount of impurities circulated will increase up to the 
point where all these elements soluble in the existing acid strength have been dis- 
solved. Also, if either or both the volume and acid strength is decreased, less impuri- 
ties will be circulated. It is highly desirable to keep the volume of solution and the 
amount of impurities circulated at a minimum to facilitate settlement in both the 
neutral and acid thickeners. A decrease in the volume of solution circulated also 
slows down the flow of solution through the same amount of equipment and gives time 
for more complete leaching. A decrease in the volume of solution circulated can 



best be accomplished by filtering the neutral-thickener spigot product ahead of the 
second leach. The filtered solution can then be added to the neutral-thickener 
overflow instead of circulating it through the leaching and settling system. Dis- 
solving a larger amount of zinc in the first leach reduces the amount of solution 
required in the second leach, but carrjdng this too far is dangerous practice, as some 
c.vcess zinc oxide is nccessarj’’ for complete precipitation of impurities and for coagula- 
tion of the pulp. 

The pulp from the acid leach does not settle as rapidly as properly coagulated 
ncutnal pulp. Some fine solid material .alwaj's oi'erflows the acid thickener and is 
put back into the neutral system. This constitutes an additional burden for this 
equipment. The amount circulated depends partly on the rate of flow through the 
thickeners. A reduction in the volume of solution passing through the acid system 
will, therefore, reduce the amount of solids as well ns the amount of impurities returned 
to the neutral system. 


i.per Liter Cu.Cd 
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An apparently simpler method of accomplishing tlie desired results from the 
double-leachmg 33 stem ivould be to treat all the spent electrolyte with enough cal 
cine to reduce the acid content of the leichuig solution to about the same strength 
as the acid thickener o\ erflon — 0 3 to 0 5 per cent H:SO< — and then to neutralize 
and punf} the resultmg solution 'nitli excess calcine or limestone as a separate step 
In this method if ealeme is used the residue is returned to the leaching sjstem, or 
if limestone is used, the residue is discarded This method of leaching dissolves more 
impurities from the calcine because of the high acid strength of the leach The residue 
fiom a leach of this t3pe settles "very slowly and is difficult to filter Precipitated 
h3droxides and gelatinous silicarequire the weight of the mam bod3 of the residue to 
carry them down in the thickeners They also &tcr much more readily when Hused 
with the sandy portion of the residue 

“Contmuous” vs “Batch” Leachmg — ^The continuous leaching s3'stem is well 
adapted to plants handbng a large \ olume of solution and having a fairJj uniform feed 
The mam disadvantage of the continuouS'lcaching s3Steni is that sudden changes 
in the anal3SC3 of feed make a close control of the purification part of the leacn almost 
impossible It is therefore ncccssar3 that a contmuous leachmg S3 stem be operated 
at ail times under conditions suited to the maxiiDum amount of impurities that might 
be encountered Tim la the onl3 positive wa5 to ensure that no improperly puitfieil 
solution will get 1)3 to the electrolyzing celb llith a batch leachmg 83’5tcm, each 
tank of solution can bo held until its purity is assured A larger proportion of the 
zme content of the calcine can be recoseredm the neutralleach with tuebatchsi^tem 
as more tune can be allowed for the addition of calcine and for agitation between 
additions A much closer control can also be had of the amount of calcine added m 
excess of that necessary for neutralization This results in less acid thickener o^er 
flow returning to the neutral leach and improves conditions gcnerall3 in the acid leach 
Air consumption la greater with the contmuous-leathing system than with the 
batch system for a small plant This is because it is necessary to mamtam agitation 
in all the tanks coritimiousb to prevent settling of the pulp, which w ould plug the air 
lifts t\ith the batili 83stcm each tank ls compl«tel3 emptied at the end of each 
leach and air is uaed ont} during the actual period of leaching A plant producing 
60 tons of zinc per (la3 even wiUi a low acid process will require less than 1000 tons 
of solution per 24 hr This amount of solution can bo handled more cconomicallv 
and with bettor leachmg results m the same number of tanks operating indcpendcntlr 
than if arranged in scries As tlic volume of solution increasos bcjnml the capacit), 
if operated mdepcndentl3 of the nuniinum number of tanks that can be placed in 
senes lor successful contmuous leaching then the comparison changes m favor of 
contmuous leachmg ornng to the savung m time required for filling and discharging 
Labor and repair charges are lower with contmuous leaching, and the entue leach- 
ing, operation is siDipbficil. ThR •iVfntsS'Js pftK tawk,. is. bw-oc units for 

leaching and for calcine storage Also, less difference in elevation is requued between 
leachmg tanks and thickeners, when gravity feed is used, owing to the fact that the 
tanks are discharged from tl c top uistead of the bottom 

in general, plants of small capacity and those havmg a veiy variable feed are 
best served b3 the batch 33 stem, and those of large capacit3 and hav mg uniform feed 
are best served b3 the continuous system for the neutral leach For the acid leach 
the continuous system is preferable for all plants 

PunficatioQ of Neutral Solution — ^Neutral thickener overflow will be free of won, 
vsenic, antimon3 , tin, bismuth, and sihea if the neutral l-'aeh has b -en properlv 
carried out Tlie overflow will, however contam 40 to 60 per cent of the copper and 
most of the cadmium originally preent in the calcine These two are usually the 
major impurities, but gerraaniuni nickel cohalt.etc will also befound in thcsolution 
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If these elements were in the caleine to any extent. Some of these impurities have an 
adverse effeet on ampere efficiency and must be removed to avoid trouble duruig 
cloctrol}'sis. Others are plated out with zinc and must be removed from solution 
previous to electrolysis if a pure zinc metal is desired. Both types of impurities 
are usually removed from neutral-thickener solution by mechanical agitation with 
finely divided zinc dust. The process of purification is usually so complex that 
adequate control cannot be obtained by continuous purification systems. Mechani- 
cal agitation is preferred to air agitation because of the tendencj’’ of certain impurities 
to oxidize and rcdissolve on contact with air. A single zinc-dust treatment will some- 
times remove all undesirable impurities from solution, but often the purification must 
be divided into two or more “stages,” each with its individual precipitation and 
filtration. An excess of zinc dust over the theoretical replacement amount is usuall}' 
necessary to effect complete precipitation of impurities. Most of this excess zinc 
can be recovered from the purification residue and does not constitute a loss. The 
extent and intensity to which purification must be carried out, and the exact manner 
in which it is performed, depends on the particular impurities present, their relative 
amounts, and the degree of purity desired in the metal produced. 

Copper and cadmium are the two harmful impurities usuallj" found in relatively 
large amounts in the neutral-thickener overflow. If they are the only impurities 
present, both are easily removed by a purification with zinc dust. Copper precipitates 
first and has no tendency to go back into solution. Cadmium removal is not so 
complete; an excess of zinc dust above the theoretical replacement amount is necessary 
for adequate purification. The precipitation of cadmium is partially dependent on 
the copper content of the solution. A small amount of copper assists in cadmium 
removal; but if the ratio of copper to cadmium is high, the freshly precipitated cad- 
mium tends to redissolve, and an even greater excess of zinc dust must bo used. 

Copper and cadmium are seldom the only harmful impurities found in neutral- 
thickener overflow. The presence of copper is beneficial in remoAung these other 
impurities, and if sufficient copper is present, most of them can be eliminated in the 
same zinc-dust purification that removes copper and cadmium. If not enough copper 
is originally present to make the purification sufficiently strenuous, it can be supplied 
by the addition of copper sulphate solution. The presence of other impurities and 
the addition of copper to remove them increase the tendcnc 3 ' of cadmium to redissolve. 
In manj' histances the re-solution of cadmium is so great that a second zinc-dust 
purification must be made. This is especiallj' true if high-grade zinc is to be produced. 
In this case the first treatment Avith zinc dust precipitates all the copper in solution, 
together Avith most of the cadmium and other impurities. The purification residue 
s filtered off, and more zinc dust is added to the clear solution. This second purifica- 
tion completes the removal of cadmium. It is sometimes made more cffectiA’'e bj' the 
addition of a small amount of dissolved copper, usually less than 0.1 g. per 1. 

Ai'senic and antimonj' are often present in neutral-thickener overflow in small 
amoimts, although, theoretically, the iron-hj'droxide precipitation in the neutral 
leach shoAild completely remoAm them from solution. The zinc-dust purification is 
A’crj' effective in removing these tAVO impurities if enough copper is present. 

Antimonj' maj' be present in some ores in sufficient quantities to complicate the 
usual neutral-leach purification. This condition is rarelj' met, but Avas encountered 
in the treatment of fume from the Mammoth smeltery at Kennet, Calif. Purification 
of solution in this case A\-as accomplished by precipitating arsenic, antimonjq copper, 
ond cadmium Avith hydrogen sulphide gas. The neutral solution was acidified to 
0-5 to 1.0 ]ier cent acid and treated AA’ith HiS gas. This method has receh’ed little 
favor from the industrj' for scA'cral reasons: it is difficult to remove the last traces of 
antimony in this manner AA'ithin a reasonable length of time Arithout the use of an 
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enormous amount of equipment, hydrogen sulphide is both obnoxious and poisonous 
and requires special care and equipment for application on a large scale, and settling 
and filtration of precipitated antimony are difficult, due to the extreme fineness of the 
particles 

Silica, if not removed from solution m the neutral leacb, is precipitated by zme 
dust TTiis increases the amount of zinc dust required and impaus subsequent filtra- 
tion bv “blinding’* the filter medium An excessive amount of silica tends to form a 
gelatinous coating around each particle of zinc dust, in extreme cases this action is so 
great as totally to prevent further purification This condition requires special treat- 
ment to be given m the ncutralleach to reduce the amount of silica in the neutral solu- 
tion Sohds overflowing the neutral thickeners, because of poor settlement, will also 
raise the consumption of zinc dust and increase the burden on the clarification filtero 
In order to obtain the slightest efficiency from the zinc dust used, the solution to be 
purified must be free from mechanically held solids and from such soluble impurities 
as silica, feme sulphate, and free acid Feme sulphate and free acid will dissolie 
precipitated cadmium and increase the consumption of zme dust Filtration of the 
neutral thickener overflow is sometimes resorted to in order to obtain a solution 
absolutely free of solids 

The discharge from the purification tanks is either filtered direct in a pressure filter 
to remove the purification sludge, or is first sent to settling tanks to take some of the 
load of Bobds from the filters \\ hile settling relieves some of the load, it also increases 
the possibibty of cadmium becoming oxidized and “riding back ’’ Filtration at this 
point must be perfect, and the filtered solution should be crystal clear Any solids 
going through the filter medium arc certau to cause trouble later in the electrolyzing 
cells If the solid particles are copper or cadmium sludge, they will be dissolved the 
acid in the cells and impair cither the ampere efficiency or the quahty of the metal 
produced or both if the solids are particles of residue overflowmg the neutral thick- 
eners, arsenic and antimony will be dissolved in the cells Settling alone is not suffi- 
cient to ensure the necessary clarity of solution The solids from the purification 
step arc treated in a separate leaching cycle for the recovery of zme, copper, and 
cadmium 

Filtration of Residue — Tlie most serious problem in the filtration of residue is to 
avoid the loss of zme ns entrained solution in the final matenal Pulp that is slightly 
acid is especially difficult to handle The gelatinous precipitates of iron and aluminum 
hydroxide and silica forni a cake more or less impervious to the passage of rvash riater 
The residue from a low-grade concentrate contains a rather high proportion of sandy 
matenal and can be v ashed with sprays As the zinc content of the concentrate 
increases, the proportion of gelalmous to sandy matenal increases and washing 
becomes more and more difficult Finally a pomt is reached where spray s cannot be 
used aalisfactonl) and washing must be done by dilution A normal residue filter 
cake from a concentrate contauung 30 to 35 per cent zinc will contam about 25 per 
cent moisture, while a residue from a concentrate containing 55 per cent zme will 
carry 35 per cent moisture or more 

W'ashmg by replacement is more efficient, less expensive, and requires less water 
than washing by dilution In cither type of washing, hot water is more efficient than 
cold The viscosity of zme sulphate solution increases with a decrease m tempera- 
ture, and as the viscosity increases, it is less readily miscible with water Heating the 
pulp to be filtered increases the rapaaty of a filter owmg to freer passage of solution 
and also decreases the moisture content of the filter cake The amount and method of 
washing are partly governed by the zinc content of the solution in the pulp bmg 
filtered As the zme content of the solution increases, the loss of water-soluble zinc 
increases, unless additional washing is provided 
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A combination of washing and replacement and dilution is generally used when 
treating a residue from low-grade concentrates. Spraj’’ washing is used first, the 
resulting cake is repulped with hot water in a suitable agitator, and the resulting pulp 
is refiltcred on a second filter on which spray washing is used. Repulping may be 
done in several types of agitators, but an adaption of a pugmill is one of the simplest 
and cheapest devices. A trough is fastened to the cake-discharge side of the filter 
to receive the cake as discharged. In this trough is a revolving shaft carrj'ing pugmill 
blades and driven from the filter mechanism. Water is added to the trough in suffi- 
cient quantity to form a pulp of the proper density and after being mixed with the cake 
is discharged to a second filter. The amount of wash water that can be used is 
limited by the moisture carried out in the residue and the evaporation throughout the 
plant, unless some solution is discarded for other reasons. Pulp fed to the filters 
should be sufficiently thick to prevent much classification in the filter tank, or the 
sandy material wll settle in the tank, and the filter cloth wall become “blinded” ndth 
slime. 

Washing a residue produced by high-grade concentrates presents a somewhat dif- 
ferent problem. Here the pulp contains a relatively low percentage of sandy material, 
and washing with sprays is not practical. Repulping this residue results in a frothy 
sticky mass which is difficult to filter and retains a large amount of moisture. Even 
handling this pulp through a centrifugal pump increases its resistance to filtration. 
This pulp is usually handled in some type of filter, such as a Moore filter, in which 
washing is done by replacement. This step is then followed by a second filtration in 
which the pulp is dewatered as much as possible. 

Vacuum used should be maintained as high as possible in order to reduce the 
moisture in the cake to a minimum and to keep the capacity of the filter at a maximum. 
The dry-vacuum system is much to be preferred, but must be provided with large 
solution receivers and moisture traps to avoid carrying solution or .spray into the 
vacuum pumps. A slight leakage of solution or spray will soon corrode the valves 
and cylinders of the pumps to a point where they lose efficiency and will in a short time 
cause more serious trouble through breaking of valves and pistons. Traps and 
receivers made of wood staves are preferable to steel tanks with lead linings. Lead 
linings tend to collapse and break along the seams, giving the solution a chance to 
corrode the tank shell, and for this reason are expensive to maintain. Bronze or 
copper may be used in many cases but are expensive to install. 

Recovery of Zinc from Residue. — The residue from the treatment of an3’' concen- 
trate containing iron will contain some imdissolved zinc in the form of zinc ferrite. 
The residue will also contain anj' unroasted zinc sulphide introduced with the calcine, 
some zinc sulphate as entrained solution, and some undissolved zinc oxide in the small 
lumps that have not been penetrated bj’ the leaching solution. As a general rule, 
the higher the zinc content of the concentrate, the smaller the percentage of the total 
zinc that remains in the residue. With a high-grade concentrate, a smaller percent- 
age of zinc ferrite is usually formed during roasting because of the better separation 
of iron and zinc during the concentrating process, and because the iron and zinc arc 
normallj' not in as intimate contact as in a low-zinc high-iron concentrate. Less 
sulphide sulphur remains in the calcine produced from a high-grade concentrate 
because of the higher roasting temperatures permissible in the absence of a relativel3^ 
large amount of iron. The treatment of a concentrate containing a high percentage 
of zinc results in the formation of a smaller amount of insoluble zinc compounds 
during roasting; the smaller amount of insoluble zinc compounds formed results in a 
smaller amount of residue; and the smaller amount of residue produced decreases 
the loss of zinc .sulphate as entrained solution, and allows more wash water to be used 
per ton of residue. 
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The amount of special residue treatment necessary to obtain a good over all 
recovery of Jimc must first be eonsvdeied from tbc economic standpoint WTule the 
several methods often used to recover zmc from the residue may be metallurgically 
sound, they may not be practical if conditions are such that it la cheaper to buj new 
concentrate than to treat the residue 

Regardless of the percentage of the total zmc concentrate that is contained m the 
residue, the residue may contain enough zmc economically to warrant special methods 
of treatment for its recovery On the other hand, the loss of zinc, per ton of concen 
tiate, in the i«idue may be excessive, yet the zmc content, per ton of residue, may 
be too low to pay for the cost of treatment For example, assume that two concen 
trates are under consideration The first contains 60 per cent zinc from which a 
recovery of 9a per cent can be obtamed and from which 0 2 tons of residue is produced 
per ton of concentrate This residue will contain 15 per cent zinc The second 
concentrate contains 30 per cent zmc from which a recovery of 80 per cent can be 
obtamed, and 0 65 tons of residue is produced per ton of concentrate The residue 
from this concentrate will contain 9 25 per cent zmc The residue from the first 
concentrate is an attractive one to treat, while the other is go low m zinc that condi 
tions would need to be especially favorable for the value of the zmc extracted to pay 
for the cost of treatment 

Zinc fernte is practically insoluble under the usual leaching conditions, and unless 
special recovery methods are employed, the loss of zmc in the residue is hkely to be 
serious A great many methods have been investigated and proposed for the extrae* 
tion of zmc fernte, but only a few have been found to be commcTcially feasible The 
loss of zinc in the residue as zmc oxide, zmc sulphide, or zmc sulphate is large enough 
to receive somo attention, but if an effective method of recovering zmc from zinc 
ferrite is used the zinc in these other compounds is largely recovered m the same 
process 

Roasting the residue m an atmosphere of SOigas at a temperature of 500 to 680*0 
will convert most of the zinc fernte to zmc sulphate, which « solublein water Some 
won sulphate is formed during the roasting, and unless the temperature is raised above 
600®C , iron will be extracted with the zinc by water leaching By a careful regula 
tion of temperature dunng the roast, the solubility of iron can be controlled to any 
desired degree The reaction causing the decomposition of fernte and the sulphatmg 
of zmc 13 probably due to the action of SO, gas Ferric bj droxide decomposes at the 
temperature of the roiat to form ferric oxide, which acts as a catalyst in converting a 
m«ture of SOi and 0, to SO, The SO, so formed is then available for the sulphatmg 
reaction Thw method was investigated dunng the early development of the zinc 

plant at Trail, B C Theresiduowastreatedmaniultiple-hearth furnace, and p}nte 

was added to the low er hearths to furnish the SO, necessary for the decomposition of 
fernte This method was commercially successful for a tune, but as the capacity of 
the plant increased, it was found to be rather slow for large-scale operations 

The “residue-fuming process” is another method used for the recovery of zu'® 
from zmc plant residue This process depends on the decomposition of zinc fernte 
and the formation of zinc sulphate when the residue w roasted with sulphuric acid at 
a high temperature The reaction is probably carried out according to the equation 
ZnO Fe,0, -f- 4H,SO« « ZnSO* -f Fe,(SO0, + 4HiO The sulphates of zmc and 
iron formed by this reaction are both soluble m a water leach Some soluble ferric 
sulphate may be desirable as a source of iron for the neutral leach fhe amount of 
feme sulphate remaining in the finished product can be controlled by regulating the 
temperature of the roast If the temperature is mamtamed above 600 but belo'r 
650’C , tbc ferric sulphate a rapidly decomposed into insoluble ferric oxide nhde the 
zinc sulphate remains practically unchanged 
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A high recovery of zinc can be obtained by this method — 75 to SO per cent of the 
zinc in the residue — ^Irut there are two serious difficulties to be overcome. Evapora- 
tion of spent electrolyte to the concentration necessary to ensure sulphating is not a 
simple problem because zinc sulphate is crj’^stallized out as the concentration increases. 
The solution can be depleted to about 5 g. per 1 . zinc before evaporation, but only at 
the expense of ampere efficiency. If a cheap source of commercial sulphuric acid is 
available, it may bo more economical to deplete part of the spent electrolyte of its 
zinc content and to discard enough of this solution to offset the addition of fresh acid, 
than it is to evaporate spent electrol3’te by ordinar3' means. The second difficult3’ 
to be overcome is the handling and roasting of the mixture of residue and acid. If 
all the acid nccessar3’ for complete sulphation is added to the residue at the start, the 
resulting mixture is too thin to be handled in the usual types of large-scale dr3'ing 
equipment. 

Treatment of Copper-cadmium Residue. — ^Thc residue produced b3" purification 
of solution with zinc dust contains too much excess zinc dust to be discarded, and 
usualb' carries sufficient cadmium to pa3’ for the necessar3’ treatment to recover this 
metal. The copper content of this residue can also be recovered. Some basic zinc 
sulphate precipitated during the purification and clarification operations will be found 
in the residue. Unless the neutral-thickener overflow is filtered previous to purifica- 
tion, some recoverable zinc from slimes udll also be present. The zinc from all these 
sources is just about equal to the amount of zinc dust used in the purification opera- 
tion. Treatment of the purification residue is, then, ncccssar3^ from the zinc-recover3' 
standpoint, and is also desirable because most of the copper and cadmium can be 
recovered. 

Purification residue is leached with dilute sulphuric acid (spent electrob’te) to 
dissolve as much zinc and cadmium as po.ssib!e. The residue ma5' be treated in 
cither the oxidized or unoxidized condition. Oxidation, either b3' roasting or b3' long 
exposure to air, increases the solubitit3' of zinc and cadmium to some extent but also 
increases the solubilit3' of copper. If the residue is treated before complete oxidation 
lakes place, the probable formation of arsine must be taken into account. 

O.xidized purification residue is usualh' leached b3' adding the residue to the spent 
elcctrobTc until all the acid is neutralized. When leached in this manner, most of 
the zinc and cadmium is dissolved, and also a consider.able portion of the copper goes 
into solution. The remaining sponge copper and insoluble material is settled out in 
thickeners, and is a desirable product for treatment b3’ copper smelters. The thick- 
ener overflow, containing zinc, cadmium, and copper, is then treated with just enough 
zinc dust to precipitate all but a ver3’’ slight amount of the copper present. The sponge 
copper from this operation is a desirable source of copper for use in the regular leaching 
operations; or it can be added to the first copper residue. TJie solution after being 
p\irificd for copper is then treated for removal of its cadmium content. This can be 
done either b\' agitating with zinc dust, or by circulating the solution through tanks 
in which zinc slabs arc susjjondcd. In the first case, the action is much faster and is 
ver3- satisfactor3' if n certain amount of zinc in the cadmium sponge can bo tolerated. 
A cadmium sponge of greater purity is obtained by the use of zinc slabs. Most of 
the cadmium sponge in this case floats to the top of the solution and is removed b3' 
skimming. The sponge cadmium can be used for the production of cadmium metal. 
The solution, after the cadmium i.s removed, is sent to the m.ain leaching system. If 
this solution contains an appreciable amount of undesirable impurit3', such as cobalt, 
it i.s good practice to remove the impurit3' before returning the solution to the leaching 
system. Cobalt can be removed by the use of nitroso-bctn-nap 1 ithol if the iron in 
solution Is first precipitated. If the cadmium content of the .solution is low, cobalt 
can be removed b3’ Bodium-eth3’l-x.anthate without an3' preliminary irealment. 
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If purification residue is treated with dilute sulphuric acid before much oxidation 
takes place most of the zmc and cadmium goes into solution, but only a email amount 
of the copper is <lissolved The presence of a certain amount of metallic zinc and 
cadmium at all times causes the immediate reprecipitation of most of the copper, 
nickel or cobalt dissolved Settling or filtering a leach mode m this manner re'jults 
in a copper residue and a tincrcadmium solution practically free from harmful impuri- 
ties The cadmium m the solution is precipitated, and the subsequent operations 
are carried out m the same manner as when oxidized residue is leached 

Purification residue may contain some arsenic, due to imperfect purification in 
the neutral leach If the roctallics always present iw the freshly precipitated residue 
are not completely oxidized, then the treatment with acid will generate hydrogen 
Hydrogen, when evoh ed in the presence of arsenic compounds, combmea with arsenic 
to form arsenic hydride commonly called arsme Arsine is an extremely poisonous 
gas A \cTy little arsine breathed into the human syatem, wiU cause serious illness 
or even death It is, therefore, absolutely necessary to provide every possible safe- 
guard m an operation of this kind The purification residue treatment plant should 
be m a separate well ventilated building The leaching tanks should be hooded and 
connected to an exhaust fan of ample capacity to mamtam a constant vacuum in the 
tanks and hoods Samples of air should be drawn from different parts of the plant 
and tested for the presence of arsine These samples should be drawn from near the 
surface of the settling tanks and as arsme u heavier than air, from the low spots on 
the floor of the building The tendency for arsme to collect in the low places is a 
dangerous characteristic Unless every precaution is taken, it may collect unnoticed 
until some disturbance in the atmosphere of the building distributes it and poisons 
every employee m the department A continuous test for the presence of arsine can 
very easilv be made on the air samples drawn from various parts of the building 
The air is first passed through lead acetate solution, to remove any HtS that might be 
present and then through sdver nitrate solution Hi o presence of arsine m the sample 
cftuses the silver nitrate solution to turn black 

ELECTROLYSIS OF ZINC SULPHATE SOLUTION 

Punty of Solution — When the leaching and purifying operations hav e been prop- 
erly earned out the zinc sulphate solution delivered to the electrolvzing cells is almost 
entirely free from unpunties that may be injurious to their operation The electro- 
Ij zmg cell is extremely sensitive to those elements which arc electronegative to zmc 
So marked is the action of certain impunties that they may have a detrimental effect 
on the cell when present m amounts too small to be detected by the regular methods 
The effects of some impunties can be ramumzed by a change in operatmg conditions 
or by the use of certain additMm.eJEpoitA,awib.as,gJ,'iR, bwAtbA'iniy ehsnbitft guarantee 
of satisfactory results is punty of solution 

Next in importance to punty of solution is the punty of electrodes and tank luimg 
matenal Pure chemical lead or lead alloy, anodes should be used If the tanka 
are lined with sheet lead, only the purest lead obtamable should be used for this 
purpose Aluminum of the highest punty should be used for the cathodes A great 
deal of care should also be taken that no impunties accidentally find their way into 
the cell 

With the essential details takem care of, the electrolytic cell wnh allow a rcasonabir 
wide variation in operating condituma — such as temperature, aciditv, current dens tj , 
etc — without much change in ampere efficiency Tliese conditions must, howeier 
be considered in the economic success of the process as they are quite important m 
their effects upon the voltage required, and thereby on the power requirement 
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Power Equipment. — Power is normally the largest single item in the operating 
cost of an electrolytic-zinc plant. Direct-current electrical power is necessary for 
electrolysis; and, in most cases, it must be converted from the alternating current 
supplied to the plant. The power requirement of the zinc cell is so great that the 
smallest possible conversion loss amounts to an appreciable sum in the larger installa- 
tions. The size of the ph\nt and the equipment avavlehle ate the detetmmiuq faetors 
in deciding upon the conversion macliine to be used. The gradual growth of the largo 
zinc plants and the electrical equipment available at the time of the original capital 
outlay have resulted in the use of some conversion units which, if the ultimate size 
of the plant had been known, might not otherwise have been used. The conversion 
machines in general use arc motor-generator sets, rotary converters, and mercurj’-arc 
rccliliors. Motor-generator sets arc widely used in the smaller plants or where the 
growth of the plant has been gradual. They have a conversion efficiency of 85 to 
88 per cent. Itotary converters, having suitable voltage control, are more efficient 
than motor-generator sets. The conversion efficiency of a large rotary converter is 
generally above 92 per cent and may be as high as 94 per cent. The higher voltage 
of the rotary converter permits more cells to be connected in series and requires fewer 
units. Larger and fewer units require less attendance and less floor space, making 
both first cost and operating cost less. Grounding the neutral point of each circuit 
lc.sscns the possibility of personal injury with the higher voltage of the rotary con- 
verter. In over 25 years of operation at Great Falls, not a single injury has resulted 
from the exposure of over 200 workers per day to operating voltages of 600 to 550 
volts. Mercury-arc rectifiers have a slightly higher conversion efficiency than rotary 
converters when operated at higher voltages than usually encountered in zinc plants. 
A factor of 94.5 per cent is obtained by the Magdeburg Zinc Works at Magdeburg, 
Germany, by operating mcrcury-arc rectifiers at 750 to 850 volts on the d-c side. 
Mercury-arc rectifiers have been in use for a long time; but only recent developments 
have given them operating efficiencies satisfactorj' to the zinc industry. A wider use 
oi this type oi convcTsiDft maeVnwe iw the eteetsetytie-xine industry can he expected 
in the future. 

Tanks. — The tanks used as electrolyzing cells are usually constructed of wood, 
concrete, or pitch concrete. Many materials have been tried in the search for the 
“perfect tank,” but very few liave been found to possess enough of the essential 
qualifications to warrant their general use. The ideal tank should bo relatively low 
in cost and give a long period of service. It should be a nonconductor and impervious 
to dilute sulphuric acid under electrolyzing conditions. It should be capable of 
carrying not only the load of solution, but also the weight of electrodes and tank bars. 

Wood tanks were the first to be used for several reasons. Their ease of construc- 
tion and apparent low cost were attractive, but the main reason was that during the 
early development of the electrolytic-zinc industry no better material was available. 
Wood tanks must bo lined with lead or rubber to prevent leakage and to resist the 
action of dilute sulphuric acid. The wood used miust be he.a-\’ih' creosoted to prevent 
rotting or disintegration due to the action of acid. The tanks must bo well reinforced 
with tic rods and plates to withstand the load of solution and electrical equipment. 
Wood tanks are graduall}' disappearing and are being replaced by tanks constructed 
of materials having more of the e.ssential qualifications of the ideal tank. 

Concrete tanks must bo lined with some material resistant to the corrosive action 
of dilute sulphuric acid. I>ead, sulphur sand, or rubber arc often used. Concrete 
tanks have a longer life and greater strength than wood tanks, hut the cost is greater. 
They must be ca.st in wood or steel forms and aged 15 to 20 days before being put into 
service. Concrete is very susceptible to disintegration when in contact with acid; 
any le.ak developittg in the lead lining Ls detrimental to the life oC the. tanks.. This 
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effect can be partiallj preN-ontid if the tanka are painted or varnished before lininj; 
and jf weep holes are pro\ndcd m the bottom of the tanks Iye\erthcleas, this is a 
fienous defect of concrete and oiershadows manj of the advantages of its use as a 
tank material 

Pitch concrete tanks arc, theoreticall}, the neatest approach to the perfect tank 
so far del eloped Thej arc a mixture of pitch asphalt, silica rock, and silica «and 
Pitch concrete Ins been used in Furope for seieral j ears for the production of acid 
proof sew cr pipe tile and the hko but its application to large castings was developed 
bj the ( onsolidatcd Mining and Smelling Co , at Trad, B C Tanks made of pitch 
concrete arc ca^t in one piece in steel forms Special equipment is neecssarj for 
beating an 1 mixing the materia! Reinforcing wire and rods are used in the same 
manm r ns in nnnfon cd com rcle When eoiiectl> made pilch concrete equals con 
Crete niid r compression exceeds concrete in tensile strength and dots not require 
lead lining Ibc tanks arc however quite fragile, and extreme care is necessary to 



prev ent cracks cither from mechanical shock or from strains set up during the cooling 
peno I Cracks when formed arc qiiUc difhcuU to repair Several plants arc i ow 
touting these tanks but a long period of Inal will be necessary before deciding whether 
tl IS 18 the lank to be used 

II c size of tank required dep nds on the nuinlier and size of the elcc Ifo let an 1 
the 'pacing I etween ch< trodes — •! in spacing from center to center of ano Ics is nlout 
the maximum Some space must be provided btlon the lower edge of the eleetrodw 
for settlement of the manganese dioxide sludge deposited at the anode 11 c space 
lx tween the elcctri Ics and the tank sides must be large enough to avoid striking tliv 
tank lining when the electrodes arc removed Overflow spouts of lead nibber etc 
fislcned cither to the tank or to the tank luimg at the lower end of each tank arc 
used to remove the spent electrolyte \o provision is made for draining the tanks 
from the Ixittom it has been found cheaper and more satisfactory to empty the tanks 
for cleaning with n pump 

Electrodes — Itolleil aluminum sheets Jsj to m thick nn I of the highes* 
ptiritj, are used f r latl odes Copper suppor* bars are riveted to tl e aluminum 
sheet, or copjwr instris are cost into an aluminum bender, which is then w tided to tie 
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sheet. Aluminum bars riveted to the sheets have been substituted for copper bars, 
but as electrical contact between aluminum and aluminum is not particularly good, 
excessive heating resulted. Sheets thicker than % e m. have been tried, but the added 
weight is an objectionable feature in removing plates for stripping. Wood, rubber, or 
rubber-lined aluminum strips are usuallj' placed on the vertical edges of the sheets to 
prevent zinc building up around the edges. This serx^es the double purpose of 
eliminating the sharp edges where “trees” might form during the electrolysis and of 
increasing the ease of stripping. At Risdon, no strips are used; groox'es are cut in the 
sheets along each edge to weaken the zinc deposit at these points so that the zinc can 
be more easily removed. 



The life of an aluminum cathode varies from 1 to 5 years, depending on the thick- 
ness of the sheet and the precautions taken to prevent corrosion, hlost of the cor- 
rosion takes place just below the support bars. At the solution line, corrosion is 
considerably less, and below the solution line it is practically negligible. Tlie life 
of the cathode can be greatly lengthened by using a sheet with a thicker cros.s section 
at the point of rorro.don, or by riveting protecting plates of aluminum to the portion 
of the sheet above the solution lino. The increased cost of fabrication and the liigh 
value of aluminum scrap have prevented the general adoption of the thickencti ca< bode. 
The u-»e of a paint or varnish that would .stand up under chemical corrosion and 
mechanical wear would greatly prolong the life of the aluminum cathodes. Such a 
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paint or varnish has long been sought, but to date none of the many tested have 
proved commercially successful 

The anodes used m the zinc cell are of aheet lead to m m thickness Solid 
sheets are generally used, but perforated sheets arc claimed to have some advantages 
l^Tiere extremely close spacing of electrodes is practiced, some form of guide must be 
used to maintam this close spacing, and, because the circulation of solution is reduced 
by the guides, perforated anodes are almost a necessity The anode sheets are usually 
cast, but rolled sheets may also bo used The anodes are generally cast around a 
copper header bar, leaving one end of the copper bar exposed to make contact with 
the tank bus bar 

Chemically pure lead, or an alloy of lead with silver, is used for the anode material i 
Other alloying elements, such as cadmium, calcium, and arsenic, have been tested, 
but no element has been found to be ns satisfactory as sih er in preventing corrosion 
of the anode Copper tends to build up in the lead u hen old anodes are melted and 
recast, it seems to have little effect on the anode m amounts up to 0 2 per cent 
The anode is the main source of lead m the cathode zinc, but the amount of lead 
plated out with the zinc is normally but n small part of the lead corroded from the 
anode Most of the corroded lead remains ns lend manganese srale on the anode or 
settles to the bottom of the cell as a sludge Both scale and sludge must be removed 
at regular intervals if the ampere efbciency of the cell is to be mamtained, and if the 
lead m the cathode zinc is to be kept at a low level 

The length of time that an anode is used depends not only on the amount of 
corrosion of the lead, but also on the influence of the anode on the character and 
efficiency of zme deposition After a certain period of time, depending on local con* 
ditioss, there is a gradual decrease m current efficiency ond an iflcreasc in the amount 
of lead in the cathode zme over that obtained with new anodes ^lien the optunum 
life of an anode has been passed, the anode is removed from the cell, melted, and recast 
Some lead is lost during the melting as lead dross and must be replaced with new lead 
The S 120 of the electrodes and the number used per cell depend on the capatit> 
of the plant, the current density used and other local conditions Larger electrodes 
■•re required if the bus bars are earned on the edges of the tanks than if the bus bars 
are supported mdependently This is due to the greater distance between the solu 
tion level and the electrode support bars Spacing between electrodes m the cells 
vanes from 5^ ui , as at Kellogg to a maximum of about 2 in The electrodes must 
hang absolutely true to avoid short circuits and to ensure even distribution of current 
Some sort of guide must be used, and the period of deposition must be shortened 
when close spacing of electrodes is practiced 

The edges of the cathodes present sharp surfaces that tend to become points of 
higher current density than the rest of the surface This eSect is conduciie to the 
formation of " trees ” Anode sheets are usually made smaller than cathode sheets to 
reduce this eStct The use of strips on the vertical edges of the anodes helps to reduce 
the formation of ’trees” and prevents undue warping of the anodeo 

Bus Bars and Tank Bars — Copper, either rolled or cast, is universally used for 
bus bars Cast bars are usually cheaper than rolled especially if odd shapes are 
required The usual method of determinmg the size of bar required is to allow 1 sq m 
of cross-sectional area for each JOOO amp With large bars, however this docs not 
allow enough radiating surface to avoid overheating If 8000 to 12,000 amp is to 

I The Jead-silver anode was onginally worked out by U C Tainton apparently largely from the^ 
and wsa a great lactor in enabling bim to produce four 9 and e^ eu five-Q tine The Tainton ao « 
haa about 40 per cent of ita aurface replaced by holes Foe a description of the work on this inode ew 
Lead AII 036 for Anodes in Flectrolylie Production of Zinc of High Puntj by H C Tainton A 
Taylor and H P Ehibnger Train A I KB February meeting 19 J 9 — Eorros 
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cathode tank bars to be placed on the working side of the tank where thej maj be 
kept polished without leaning over the tank The insulated ends of both the anode 
and cathode supports are in this case on the opposite aide of the tank from the contact 
ends The total amount of copper required on the tank with this system b only a 
httle more than two-thirda o! that requued when name a common center bar, and 
about one-half that required if single bars are placed on each side of the tank 

Tank bars maj be supported on the top edge of the tank, on the side of the tank, 
or by separate supports When earned on the top edge of the tank, they are usually 
placed with the flat side resting on the supporting surface tVTien earned on the 
side of the tank the normal practice la to place the bars on edge In cither ease, the 


Per Cent Atid in Electrolyte 



Tio to — CeU resistances 2 m electrode spaciug at 

outer bar is slightly higher than the inner so that contact can be made with the cathode 
or anode support bars without mterfercnce with each other Separate support bars 
can be arranged in any manner to suit local ideas or conditions The advantages of 
carrymg the tank bars on the sides of the tanks are r greater percentage of the elec- 
trode surfaces is rendered effective through reduemg the space between the electrode 
supports and the solution level, contacts and tank bar insulation ate placed entirely 
outside the tank, simplil}’ing the problem irf keeping contacts clean and insulation 
dry, a smaller amount of acid mist or vapor comes in contact with the tank bar, reduc- 
ing corrosion, a greater circulation (rf air around the bars is obtained aiding cooling, 
and the copper sulphate formed by corrosion of the tank bars can be washed off without 
falling into the electrolyzing cell The mam disadvaiitage of the system is the neces- 
sity of supplying greater aisle space 
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Insulation. — Tanks are insulated from their foundations by glass blocks or por- 
celain insulators between the tank supports and foundations. Wetting of these 
insulators by solution leaks can be prevented by covering them with sheet-lead caps. 
The electrode-support bars and tank bars are insulated from the tanks b 5 ^ wood strips 
and blocks impregnated with tar, oil, or other waterproofing material. Bus-bar 
lines arc supported on glass or porcelain insulators or are suspended by some type of 
strain insulators from the tank-floor supports. Solution and water lines arc insulated 
by the insertion of rubber-hose connections in the lines, and bj- supporting the lines on 
wood or tile blocks. All insulation must be of nonabsorbent materials to avoid wetting 
by condensation of water vapor from evaporation in the cells, and from the mist carried 
by gas from the cells. 

Arrangement of Cells. — As manj’' cells are placed in series, electrically, as the 
power equipment will permit. The maximum voltage limit of the direct-current 



equipment divided by 3.75 is a safe figure to use in determining the number of cells 
to be connected to one power unit. The absolute maximum load should not be 
attempted as some leeway is desirable from an operating standpoint. Some of the 
earlier plants were designed for a maximum of 4 volts per cell, but this figure has been 
found to bo too conservative. 

As man 3 ' cells maj^ be placed in series or cascade, as regards solution flow, as b 
desired. Six to nine cells in .solution series is the usual number. Working conditions 
and economy arc the determining factors. Tlie grouping at Great Falls and Ilisdon 
i.s in cascades of six cells. Twelve cells arc placed side bj’ side, as closclj’’ as safe 
insulation will permit, in a double row or cascade. This arrangement saves space 
as the working aisles arc between each double row. Tank bars are ifiaccd on the 
sides of the tanks next to the aisles, leaving the inside tank edges for the insulated 
end.s of electrode support bars. This arrangement is .diomi in Fig. 8. At Trail, 
the tanks arc placed in a serio.s of nine to a cascade. The two tanks side by side, in 
each double civseade are constructed as a single unit with a common center wall. 
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By placing more cells m a cascade, less floor space and less copper arc required, 
but the cathodes must be transported further for stripping and more operating labor 
IS necessary It is customary, when tanks are to be cleaned, to cut a double cascade 
out of the electrical circuit at one tune Tlierefore, with the same number of cells 
per unit, the greater the number of tanks per cascade and the greater the proportion 



oramb Ac d per Liter 
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of a unit cut out for cleaning Any accidents such as the breaking of a solution 
feed line over a tank or a leak in the roof of the building w hich migh‘ n ash impurities 
into a cell and contaminate the fallowing celU \a a cascade, are less serious if only a 
few cells are in series 

Solution System — Solution to be fed to the electrolyzing cells is usually pumped 
into storage tanks placed at sufhcient elevation to give a gravity flon from the storage 
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to the cells. Iron pipes may be used to conduct this solution to the cells as it is 
neutral in reaction and free from copper. Lead lines with flanged joints are preferable 
to iron, however, as some basic zinc sulphate and calcium sulphate are precipitated 
from the solution as cooling progresses, and build up in iron pipe more quickly than 
in lead. Also, there is always more or less danger of e.xternal corrosion of iron lines 
through occasional leaks of acid solution and by the condensation of acid mist from 
the cells. The feed lines are usually carried under the floor along the upper cells of 
the cascades, and a riser tapped in for each double cascade. A pipe line extending the 
full length of the cascade is connected to the riser, and each cell of the double cas- 
cade can be fed through branches equipped with valves to regulate the flow to each. 
Wood launders over the cells are used as header lines to carry the, solution to the 
cells at the Magdeburg plant. The individual cells in this system are fed by means 
of rubber siphon hoses from the launder to the cells. The problem of regulating 
the flow in the launder to prevent spills and the extra space above the cells taken up 
by the launders prevent this sj'stem from being easily adaptable to the usual arrange- 
ment of electrolyzing cells. 

At Great Falls, solution is fed into the head cell of each cascade at a rate that will 
maintain the acid strength in that cell at slightly less than the discharge from the last 
cell of the cascade. The first cell discharges into the head end of the second cell, the 
second into the third, and so on down the cascade. The last cell discharges into a 
launder that carries the spent electrolyte to storage tanks for the leaching plant. 
Neutral solution is fed into each cell but the last in sufficient quantity to maintain 
practically constant acidit 5 ’ throughout the cells, except the last, in a cascade. The 
last cell brings the acidity up to the desired strength or, from another viewpoint, 
depletes the zinc content to the desired point, thereby acting as a control cell. The 
acid content of each cell is determined at regular intervals and the feed to each cell 
so regulated as to give the desired acidity. By maintaining practically constant 
acidity in each cell, the voltage required is kept at a minimum. It is unnecessary to 
mix any acid with the neutral feed solution in order to keep the acidity of the upper 
cells up to the average. Each cell generates its own acid requirements and receives 
its own portion of feed, except that the lowest ceU in each cascade usually receives 
only the discharge from the cells above it. 

The rate of flow increases from the first to the last cell, the volume being cumula- 
tive; but no improvement in efficiency of the cells having the higher rate of flow has 
been noticed. No baffling arrangement is nccessarj'- to maintain an even distribution 
of solution in the cell as the gas evolution at the anode is sufficient to supply the 
necessary circulation. As the current density increases, the rate of zinc deposition 
increases, with an increased evolution of oxygen at the anode, and the gas evolved 
increases the rate of circulation proportionately to the requirement of fresh solution 
at the electrodes. 

Cooling. — The electrolj’tic-zinc cell operates best at a temperature of between 
35 to 45°C. A large proportion of the power delivered to the electrolytic-zinc cell 
is dissipated as heat, and the amount of heat dissipated increases with an increase in 
current density. Some heat is carried out by the spent electrolyte and some is 
radiated, but at the current densit 5 " usually employed in practice, it is necessary to 
supply .some additional cooling. This is usually done by passing water through coils 
nlaced in the cells. A current density of 30 amp. per sq. ft. or over requires at least 
50 ft. of 1-in. cooling coil for each cell. The amount of cooling water passed through 
the coils depends on the temperature of the water and the efficiency of heat transfer 
in addition to the other cell conditions of current demity, acidity, electrode spacing, 
etc. In any case the amount of cooling water needed is quite large and will vary from 
G to S gal. per min. for each ton of zinc produced per 24 hr. 
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Cooling coils are commonlj made of lead, us most other materials that haTe been 
tried are not satisfactory either m their case of construction, resistance to corrosion, 
physical strength or ability to transfer heat efficiently Two to four coils are used 
in the ends of each cell I^ad pipe of approximately 1mm diameter is usuallj used 
The cooling water is not usualb passed through a smgle coil, but two or three coils 
are placed m series in order to obtain the greatest possible amount of cooling from 
the M ater The cooling water supply is earned in mams, which may be of iron pipe, 
but the connections between the main and the lead coils are made with short lengths 
of rubber hose nhich act as msulators The actual amount of fresh water necessary 
fur cooling purposes can be reduced bj using a closed sj-stem and by passing the 
heated water through spray chambers In this case the only additional water neces- 
sary 13 that needed to replace the amount lost by evaporation 

Stripping Equipment. — AJl methods of stnppmg the zinc deposit from the cathode 
— from removing one plate at a time to teino\Tng all the plates m a cell at one tune — 
have been tried The removal of one plate at a time is too slow and expensive, and 
remo^ ing a full tank at a tune means a large loss of production and danger m ‘ short- 
ing the tank before removing the plates In addition to this, when all the plates 
are removed at once, some powen-dnven lifting device is necessary If many plates 
are removed sunultaneoualy, the current density on the remammg plates is greatly 
mcreased If only one third of the total plates are reino% ed from the cell, the remain 
ing plates arc able to carry the current for the length of tunc necessary to strip the sme 
At Great Falls the cathode sheets arc lifted with hand-operated cham blocks 
running on I beams placed o\ er the center Ime of each cascade Xino sheets are lifted 
at a time using a special rack This lifting rack has sawtooth sides, and the teeth 
in the sides arc spaced to correspond with the cathode spacing The rack m use is 
plaiccl on the cathode bars and, as the load is raised, the spaces between the teeth 
on the rack engage lugs riveted to the cathode support bars At the lower end of each 
cascade is placed a stand having nine pieces of S-io channel iron, the centers of which 
are spaced the s ime as the cathode spacing A lengthwise slot is cut m the center of 
each channel iron into which a cathode sheet can be sbpped and. held upright One 
end of each channel iron is bolted loosely to a supporting stand in such a manner that 
it can be moved in a horizontal plane The load of cathodes is brought to this stand 
and the cathodes slipped into the slots m the channel irons The load is lowered 
until the cathode support bats rest on the channel irons and the lifting rack is dis- 
engaged from the lugs The outside sheet of zme is removed from the first cathode, 
then the channel supporting that cathode is swung to one side, and the inside sheet 
of zinc removed from the same cathode The adjacent side of the second cathode is 
exposed when the first is swung over Thia second cathode is stripped on one side 
and then swung over and stripped on the other side After all nine cathodes have been 
stripped in tins manner, they are swung back into their original position and lifted 
with the lifting rack The cathodes are returned to the cell from which they came, 
being held correctly spaced wi the lifting rack 

A hear j knife is used for stripping the *mc deposit from the cathode The deposit 
is struck a sharp blow at one corner with the edge of the knife to loosen it slightly 
from the surface of the aluminum cathode The pomt of the knife is slipped under 
the loosened corner end twisted to break loose the deposit If the iinc deposit 
adheres tightly to the cathode, a wooden mallet is sometimes used to aid the knife in 
breaking it loose The zinc sheets, as stripped, are placed on small narrow gang® 
cars These cars are used to transport the catb^cs to the melting furnaces 

Operation of the Cells —Starting with clean celU, new electrodes and neutral 
solution, the re«i3tance of the zine cells is so great that little current flow s for several 
hours after power is put on the circuit The addition of some pure acid, such as spent 
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electrolj^e, immediately increases the flow of current by reducing the resistance. If 
no acid is available, the flow of current is permitted to increase as rapidly as decreased 
resistance, through the formation of acid, will permit. Some resistance may be 
removed by “shorting” one or two groups of cells in the unit until some current is 
flowing. It is customarj^, when starting up a unit from w'hich the acid solution has 
been drained, to add some spent etectrol3'te to it from other units alread}’^ operating. 
This shortens materially the time necessarj' to get the unit into normal production. 

Starting with neutral solution, the zinc deposited in the first 24 or 48 hr. will be 
rather spong3\ This condition is due to the low acidit3’^ of the cells; and the zinc 
deposit should be stripped as soon as it is thick enough to break loose from the alumi- 
num blank. As soon as the deposited zinc begins to show a bright surface, the period 
of deposition can bo increased to the normal length of time. When the acid strength 
gets up to 2 or 3 per cent, a small flow of neutral solution is started in the upper cells 
of the cascade and is graduall3' e.xtended to the lower cells as the acidit3’' increases, 
so that the solution in none of the cells becomes too low in zinc content. Acid strength 
is usuail3' not allowed to get above about two-thirds normal until the full period of 
deposition is started. Full current density is generally not permitted until the 
deposited zinc has been stripped once or twice. 

The amount of zinc stripped per man-day varies with the period of deposition and 
with the location of the plant. At Great Falls, using a 24 -hr. period of deposition, 
each man cares for and strips the zinc from 12 cells. This is appro.vimately 4 tons of 
zinc. At Trail, each man strips between 5 and 6 tons of zinc per day; and at Risdon, 
using a 72 -hr. deposition period, each man strips between 8 and 9 tons of zinc per day. 

Control of acidity is very important in the operation of the cells. Frequent tests 
of tlie acidit3’^ are necessary. These tests can be made by titration with standard 
sodium carbonate solution, b3'’ use of a h3^drometer, or with an electrical-measuring 
device. 

The electrol3’zing cells must be periodically cleaned for several reasons. IMan3’' 
ores contain soluble manganese, and some manganese is used to oxidize iron in the 
neutral leach and is dissolved in the solution. Part of the manganese in the electrolyte 
is precipitated at the anode as manganese dioxide. Some of the precipitated MnO- 
adheres to the anode as a flak3' covering, and the remainder settles to the bottom of the 
coll ns a sludge. IWion the manganese dioxide in the cell exceeds a certain amount, 
depending upon the operating conditions of the cell, it must be removed. The insula- 
tion on top of the cells graduall3'' becomes impregnated with solution and must be 
poriodicall3^ renewed. The tank bars become covered with copper and zinc sidphates 
and must be cleaned at regular intervals. A double cascade of cells is usually cleaned 
at one time. The double cascade is cut out of the electrical circuit, the electrodes are 
removed, the solution is pumped out, and the manganese sludge is removed. The 
insulation is renewed, the tank bars are cleaned and replaced, the electrodes arc 
cleaned, straightened, and replaced, and the cells are refilled with acid and solution. 
The double cascade is then put back into the electrical circuit. If a spare cascade 
is available, the cleaning cycle can be carried out in a B3'stematic manner without loss 
of zinc production during the shutdown period. 

Care of Worinnen. — Rubber shoes should be supplied to insulate the men working 
in the elect roh’zing room. Besides aflording the worker protection from becoming 
"grounderl” between the main circuit and the floor, the shoes also save him from a 
considerable amount of anno3’ancc from stra3' currents which, although u.suall3' 
harmless, are alwa3-s likcl3' to be present. The acid solutions encountered in the 
electrolyzmg room are vor3' hard on garments made of cotton or mi.xed wool and 
cotton. The workmen in the cell room arc usually given a clothes allowance or 
furnished clothing made of pure tmw.ashcd wool. Great care must be given the hands 
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of men coming in contact with acid ainc sulphate solution, othenv lae cracks and sores, 
especiallj around the fingernails, wilt rcsilt Rubber, or ruhberued canvas, gloves 
are often used bj the workmen The spraj nsmg from the electrolyzing cells is largely 
OTj gen, but each bubble of gas is surrounded by a film of acid solution n hich is very 
corrosive to the nasal passages Several thicknesses of sterilized cotton gauze placed 
over the nose and mouth mil effectivelj filter out this spray Each man should be 
furnished v. ith fresh gauze e\ crj working day No occupational disease has resulted 
from this work, nor has any extra trouble been experienced in obtaining men for this 
work 

A. frothing agent is added to the cells at Ivellogg to prevent the formation of spraj 
This agent is very effective w hen used m a solution of small volume and high zme 
content, but it is not satisfactory m a low acid system 

Voltage — ^The theoretical decomposition voltage of zinc sulphate solution is 
approximately 2 35 volts, but the best operating conditions require 3 25 to 3 50 volts 
dependmg on current density temperature, acidity, spacing of electrodes, and the 
period of deposition fV ith constant acidity, temperature, etc the voltage mcreascs 
rapidly with increased current density, as shown by Fig 12 Resistance of solution 
IS decreased by increasing acidity this effect is quite marked up to 10 per cent H^SOt 
but proceeds more slowlj above 10 per cent HjSO« With 30 amp per sq ft current 
densitj and with an acidity of 5 per cent HtSOi, the voltage required is about 4 0 volts 
pet tell at a temperature of 85*C An increase in the acidity to 12 pet cent, with all 
other conditions the same as before reduces the voltage to 3 4 volts If the tempera- 
ture and the acidity are both increased, the decrease in voltage is even greater High 
temperatures are not desirable m the electrolyzing cells from the standpoint of the 
increased effect of impurities on ampere efliciency A high temperature is, however, 
advantageous in reducing the power cost of electrolyzing a solution low enough m 
impurities so that a good ampere efficiency can be obtained In other words it pays 
to supply the cells with a solution of sufficient purity so that a reasonably high tem- 
perature and acidity can be maintained At Great Falls, a temperature of over 
i)0*C has been maintamcd for several weeks at a time with a current density of 30 
amp per sq ft During these periods an ampere efficiency of 00 per cent was obtamed 
when a deposition interval of 24 hr was used 

The spacing between anodes and cathodes affects the voltage required for elec- 
trolysis, but cannot be safely reduced much below 2 in without the use of special 
equipment to hold the electrodes m place Electrodes have a tendency to warp 
during continued use with serious results if close spacing is used Also they may not 
hang absolutely true because of unevenness m the surface of the contacts between 
the support and tank bars, unless special guides are used 

Ampere Efficiency —The ampere efficiency of electrolysis i3 calculated by dividing 

from the current used This result multipbed by 100 gives the percentage ampere 
efficiency of the process One ampere-hour should theoretically deposit 1 219 g of 
zinc from a solution In actual practice, however it is very seldom that an ampere 
efficiency of over 95 per cent of the theoretical is ever obtained for any length of time 
At a current density of 30 to 40 amp per sq ft , an ampere efficiency of 92 to 94 per 
cent 13 considered good work The factors that influence ampere efficiency m Ih® 
operation of the zinc cell are the punty of the solution the temperature of the cell, 
the cffcctivcnesa of addition agents, the peruid of deposition, and the ratio of zinc 
to acid in the solution 

Some harmful impurities can be present in much larger amounts than others 
without seriously affecting ampere efficiency A ^cat deal of work has been done to 
determine the effect of single impunties and to set safe limits for the amounts that 
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can be present in the solution without loss in current efficiency. The etfect of any 
impurity, and the amount that can be tolerated, is strongly influenced by the other 
conditions that may be present during electrolysis. For this reason, the results of 
different experimenters do not always agree, but some fairlj’- accurate averages have 
been obtained for the common impurities. The combined effect of two or more impuri- 
ties, each present in an amount less than the safe limit for that impurity, is a much 
more involved problem than that concerned with the effect of single impurities. The 



Fig. 13. — Effect of time of deposition and ratio of zinc to acid on ampere efficiency. 

effects of some impurities, even in minute amounts, are greatly aggravated by the 
presence of ccrtaui other impurities. The enormous number of impurity combina- 
tions possible, when coupled with the many variations of operating conditions encoun- 
tered in the process, prevents any easy solution of the problem. It may be that in 
the future some general rule relating to the problem can be evolved ; but at the present 
time the information pertaining to the effect of impurity combinations deals only with 
certain specific conditions occurrmg in individual plants, and not generally applicable 
to the process. 
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The temperature at vrlucli the imc cell operates a an important factor affeclmR 
ampere cfiicicno The detrimental action of impurities is increased greativ, and the 
hjeirogen oacraoltagc on line is lowered b> a rise in temperature 'Hie optimum 
temperature for a rmc cell operating between 30 to 40 amp persq ft is usuallj to lie 
found lielween 35 to 15’C Tlie operating costs required to cool the solution below 
35®C are usualh more than the saaing in nmprrccfliciencj,whilcEl>oae45’C agood 
ampere elTicicncj can be obtained only when the solution to be clectrohred is cxcep. 
tionall} free from impunties 

The period of dopo'ition affects ampere efficicncj as the period of deposition 
increases the efTcot of anv unpuntj becomes more pronounced t\it!i absolutelj 
pure solution, high ampere efTieiency can be obtained SMth 48-, 72 90-hr or e\en 
longer periods of deposition In plant operation it is frequentl> found adiLsable to 
dccrea-uJ the period to 2t hr or less At Kellogg, using high current densitj, the 
period IS 8 to 12 hr Ili-'don on the other hand, commonly operates with a deposition 
period of 72 hr without anj great loss in current eflicicncj Most other plants use 
either a 2K or 4S-hr period The length of time that sine can be enicientiv depositc<l 
LH influenced b> other cell conditions such as temperature, current dcnsitj, aculitj, 
and thccfTeeti\cnesaof addition agents TIic most cHicicnt period for each indmdual 
plant must be iletermmcd bj balancing the extra labor cost for more frequent stripping 
against the power saved through improacments m ampere eflicienc) 

Tlio ratio of zinc to acid in the solution neeeasary to maintain maxunum ampere 
efllcienc) Narics with all the other cell conditions The usual practice is to deposit 
from solution about two-thirds of the zinc content of the neutral solution, and to 
return the other one-third to the Icachmg plant If the amount deposited greatly 
exceeds this ratio, some toes m ampere efficiency will result A cell in which the solu- 
tion becomes greatly depleted in zinc has a tendency to evolve hydrogen Tliu 
condition can aNo be reached if the circulation of solution witbin the cell is not sufli 
ficnt continuall) to suppl> all parts of the cell with an adequate amount of ime wm 
\ n excessive amount of circulation however la not dcsirahlo as it aids the rate of 
corroaion by increasing the amount of acid brought into contact with the deposited 
zinc lien, as in the other operating conditions, the best rate of circulation must be 
determined experimentally 

Addition agents such as glue gouhe and metal salts arc often usetl to aid ampere 
efficiency and to improsc the physiral character of the zinc deposit Glue is the 
most commonly used addition agent, but its use » becoming leas as improved metlioda 
of purify mg the solution are devclopeil It is not good practice to rely on theu«cof 
addition agents if it w poosiMe properly to purify the solution to be clectrolyrcil 
file addition of one impurity m order to inhibit the action of another is more m the 
nature of an evasion than a real solution to the problem On the other hand, flee- 
troly tic-zmc plants must be operated at a profit, and any method to obtain the desired 
results should be employed until a lictter has been developed Nearly all pHnls 0<e 
some sort of addition agent at the present time Tlie presence of an unuwftl amount 
of cobalt m the electrolyte at Ilisdon, Tasmania, has made good ampere efhcicBcy 
economiially impossible without the use of addition ngenta A combination of gl'l^ 
beta nsphthol, and antimony h added to the electrolyte at Kwilon, and umpire 
efficiencies of 02 to 0 1 per cent arc obtained over a 72-hr ilepoflition period 

Another important factor (hat must l»e taken into consideration m the influence 
of workmen on amiiore efficii nev Good workmen, conscientious m their care of the 
clectrolv zing celLi for which they nrerrsponsibh.ean consistently gethighcrrflicienH'^ 
on tlicif cells than can workmen who are oomew hat earclens In pome plants a boiiu’ 
Is paid to the workmen who, by rariful attention to detail, art responsible for th' 
production of more than a c« rlain apccificd aoiounl of metal 
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Effect of Impurities. — The effects of single impurities on zinc electrolysis maj'' be 
determined experimentally if certain necessary precautions are taken. In order to 
be certain of the results obtained, it is necessarj'^ to start with an absolutely pure 
solution of zinc sulphate; otherwise the result will be a combined effect of the added 
impurity along with those alread}^ present. A zinc sulphate solution prepared from 
the so-called c. p. zinc salts is not satisfactory for this work without further purifica- 
tion. The difficulty in applying any set of data on the effect of single impurities to 
actual plant operation is that a plant solution containing only one impurity is never 
obtained. Also, the experimental data are obtained with certain specified cell con- 
ditions which if varied cause a change in the effect of the impurity. These specified 
cell conditions are difficult to maintain with commercial operations on a large scale. 
The e.xpertmental data obtained have, however, been of great value as a basis from 
which to guide purification practice and as an aid to the recognition of the most 
injurious impurities. The experimental data have also enabled the operators to 
determine the presence of some impurities from the appearance of the zinc deposit 
without waiting for a complete analj'^sis of solution. 

The impurities encountered in the electrolysis of zinc may be classified, according 
to their general effects on the cell, as cathodic impurities, anodic impurities, and 
beneficial imparities. 

Cathodic impurities have the greatest effects upon the efficiency of zinc deposition, 
and their elimination or control is one of the major problems in electrolysis. When 
a metallic salt is present in an acid solution and an electric current is passed through 
the solution, cither the metal can be deposited or hydrogen can be evolved. WTien 
the decomposition voltage of the metallic salt present is above that of water, hydrogen 
is usually evolved. This is not true in the case of zinc, lead, or cadmium, however, 
owing to the high hj'drogen overvoltage on these metals. In the case of zinc, the 
decomposition voltage of zinc sulphate is 2.35, and that of sulphuric acid on a zinc 
surface is 2.4. Therefore, zinc will bo deposited at the cathode in preference to 
h3'drogen unless, owing to the presence of certain impurities, the hydrogen ovenmltage 
on zinc is lowered below the decomposition voltage of sulphuric acid. If any impurity, 
which lowers the hj’drogen overvoltage on zinc to the point where hydrogen can be 
evolved, comes into contact with a zinc surface during electrolysis, hydrogen will be 
evolved on the surface of the impurity and zinc will be dissolved. The cathodic 
impurities can be further classified according to their effects on electrolj'sis. The 
first group includes those metals whose sulphates decompose at a higher voltage than 
zinc sulphate. The common elements of this group are aluminum, sodium, potassium, 
magnesium, and manganese. Thej' have no effect on elcctrolj'sis so far as reactions 
at the cathode are concerned. The second group includes those metals whose hj'dro- 
gen overvoltage is high enough not to cause the re-solution of zinc, but whose decom- 
position voltage is less than that of zinc. The common elements of this group are 
lead and cadmium. These have no detrimental effect on the efficiencj*’ of zinc decom- 
position; in some cases thej^ maj’' even be beneficial. Thej'' do, however, deposit 
n'ith the zinc and cause an impure product. The third group includes those metals 
whose hj'drogen overvoltage is below that of zinc but whose decomposition voltage 
IS above that of sulphuric acid. The common elements of this group are iron, nickel, 
and cobalt. These metals arc injurious to electrolj'sis, but do not ordinarilj' con- 
taminate the deposited zinc. Thej" are soluble in acid and consume power bj’ being 
altcrnntclj' deposited on the zinc surface and redissolvcd in the acid electrolj’te. Thej' 
arc particularlj' detrimental to electrolysis when present in combination with certain 
other impurities. The fourth group includes those metals of which the sulphate 
decomposition voltage is below that of sulphuric acid and the hj'drogen overvoltage 
islow enough to cause re-solution of zinc. Copper, arsenic, germanium, and antimonj' 
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belong to this group They are deposited with the zinc and form points of low 
hjdrogen overvoltage where hydrogen is evolved at the expense of the zinc This 
group 13 the most mjunous of all impurities The commonly met cathodic impurities 
can all be classifieil m these four groups when present as single impurities, but com 
binations of two or more impurities e^iecially if from different groups cannot be so 
easily classified 

The anodic impurities include all the anions except those of sulphuric acid The 
common ions of this group are manganate permanganate chloride chlorate per 
chlorate and fluoride Their effect on electrolysis is not so violent as that of thi 
metallic impurities but they very often have a distinct bearing on the amount of 
corrosion occurring in the zinc cell Some of them increase corrosion, and some aid 
in preventing it Those anions which increase corrosion of the lead anodes cause an 
mcrease in the amount of lead deposited with the zinc Those ions which increase 
corrosion of the alummum cathode cause the deposited rmc to cling tightly to the 
sheet This is commonly known as slickmg " and can become so intense that the 
zme deposit can be removed onlj by dissolving m acid 

The beneficial impurities include all those used as addition agents WTiile these 
impurities may not be beneficial when used m an absolutely pure zinc sulphate solu 
tion they are otten used \o prevent, the more dctnment.a\ effects of certain other 
impurities Some addition agents are beneficial in causing a smoother, harder deposit 
of zme Glue is an example of an impurity of this ty^ie Manganese m the electrolyte 
accumulates on the anode in the form of manganese dioxide and tends to protect the 
anode from corrosion 

J T Ellsworth at Park City Utah obtaineddataontheeffectsofsmgleimpurities 
that arc as accurate as any that have yet been published The results of his work 
were published in Volume 42 of the Tranaadtom of the Amtncan Eleelrochtmeal 
Society Ellsworth prepared a solution of zme sulphate by burning zinc of high 
purity to form zme oxide and dissolving this in pure sulphuric acid This solution 
was then purified by agitation with zinc dust to remove the last traces of copper end 
cadmium Definite quantities of each impurity tested were added to separate por 
tions of the solution and each was electrolyzed under a standard set of conditions 

Antimony is one of the most injurious impurities encountered in electrolytic-nnc 
operations Its effect is noticeable at high temperature and high acidity if present 
m only minute amounts One part per million is apparent even at the normal cell 
conditions of low temperature and acidity The zinc becomes spongy and dark in 
color, sprouts small at the surface of the zinc and large at the end, form in large 
numbers and ampere efficiency is much lower The longer the period of deposition, 
the greater will be the effect of the impurity The remedies apphed are a more 
thorough purification in the neutral leach, a shortenmg of the period of deposition 
and a lower cell temperature At Risdon however, a small amount of antiinon) 
has been found beneficial when there is an unusual amount of cobalt m the electrolj'te 

Arsenic, when alone is much leas injunoua than antimony The presence of ar«enic 
in solution, however, is a pretty sure mdication that some antimony is also present 
Arsemc and antimony are both removed by the same methods of purification hut 
arsenic is ehmmated more easily than antimony Therefore, antimony maj be present 
in small amounts without any arsenic, but arsenic is rarely present w ithout antimony 
unless an ore free of antimony is bemg treated The first indications of the presence of 
arsenic in the zme cell are pronounced corrugation of the surface of the zme deposit 
and the absence Oi the usual luster on the deposit This is soon followed bj sprouting 
and by a serious loss m ampere efficiency There is really no excuse for the presence 
of arsenic m the electrolj te if efficient methods of control arc used m the neutral leaf 

CohaK will cause re-sclution when present m amounts as low as 10 mg pet 1 m* 
special treatment is used At Risdon an addition agent consistmg of glue beta 
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naphthol, and antimony is added to the solution in order to prevent the loss of current 
efficiency in the presence of larger amounts of cobalt than are usually encountered. 
Small amounts of cobalt can ordinarilj’' be minimized in their effects by the use of glue 
alone. Cobalt is the most serious impurity commonly encountered in the process. 
While its detrimental effects are not so violent as a like amount of antimony, its 
removal is much more difficult. The pernicious influence of cobalt is much more 
marked when accompanied by germanium than w'hen present alone. Small amounts 
of cobalt are eliminated by the regular methods of purification, but when present in 
large amounts it must be removed b}’’ special purification methods. Although cobalt 
lowers current efficiency, its presence in the electrolyte has a beneficial influence in 
lowering the amoimt of lead in the deposited zinc. 

Germanmm when present in amounts as low as 1 part in 10 million may produce 
adverse effects on the zinc deposit. Although very injurious when present alone, it is 
especially detrimental when accompanied by certain other impurities. For c.vaniplc, 
germanium in amounts too low to be detected b 3 ’' ordinar 5 f analytical methods will 
show a decided effect on electrolysis when cobalt is also present in the solution. 
Germanium, when present in small amounts, is usuallj' eliminated bj^ the iron 
hydroxide purification in the neutral leach. Some germanium is also removed bs' the 
regular zinc-dust purification if sufficient copper and cadmium are present, Wlien 
present in any appreciable amounts, however, adequate removal of germanium 
requires special methods of purification. 

Nickel has somewhat the same effect as cobalt. When alone, a concentration of 
0.0001 g. per 1. has no particular effect on ampere efficiency. Any amount above 
0.0005 g. per 1., however, is verj^ injurious. Nickel causes the re-solution of the zinc 
deposit, and may also be found in the deposited metal. Nickel is not commonly 
found in appreciable amounts in zinc-plant solutions. When present, it can be 
removed with zinc dust if the solution is heated to a high temperature during the 
purification. 

Copper may be present up to about 10 mg. per 1. without much harm to ampere 
cfficiencj', and with a low acidity, the amount of copper maj' go even higher without 
serious results. If the usual methods of removing cadmium from solution ere carried 
out far enough to produce high-grade zinc, there should never be anj’ great danger of 
copper entering the zinc cell from this source. If uncoated copper support bars and 
tank bars are used, the corrosion of copper bj' the acid mist and bj' drippings must be 
considered as a source of copper in the cell. A great deal of care should be taken not 
to wash or knock the copper sulphate formed in this manner into the cells. The 
amount of copper so introduced is norniallj' too small to affect the zinc deposit 
niateriallj^; but occasional breaks in water or solution lines, or leaks in the cell-room 
roof, maj'- wash enough copper into a group of cells to cause xdolent re-solution in the 
cells affected. The quickest remed.v for a condition of this sort is to run fresh solution 
into those cells in order to lower the aciditj' and to remove the fouled solution as soon 
as possible. The cathodes should also be removed and the deposited zinc stripped 
inunodiatolj' to prevent it from going back into solution. 

Cadmhim, when present in amounts not to e.xceed 0.5 g. per 1., does not lower 
ampere efficicnej' or injure the phj'sical condition of the zinc deposit. In fact cadmium 
Jti small amounts has been claimed to increase ampere efficiency. Cadmium must, 
however, be removed from the solution previous to electrolysis if grade A zinc is to 
be produced. The elimination of cadmium is usually accomplished by the regular 
methods of purification. 

Lead, like cadmium, is plated out with zinc during electrolj'sis. Lead sulphate is 
practicallj' insoluble in zinc sulphate solution, and onlj' very minute amounts arc ever 
found in the solution fed to the cells. The greatest source of lead in the zinc cell is 
from corrosion of the lead anodes or the lead tank lining of the cell. Anj' factor, then. 
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that will reduce the corrosion of lead in the cell wi»I lower the amount of lead in the 
deposited zinc A further discu^ion of lead m cathode zinc v.ill be found later under 
the heading Purity of Zinc Metal 

Iron in amounts up to 0 02 to 004 g per 1 has no noticeable effects on ampere 
efficiency Abo\ e that amount, iron begins to cause trouble Ferrous iron is oxidued 
at the anode to ferric iron which ui turn is reduced to ferrous icon at the cathode 
This reaction takes power and in this way affects the ampere efficiency Large 
amounts of iron, especially when other impurities are present, may become detcimentad 
to the character and grade of the «nc deposit The presence of iron in the electrolj te 
is usually an indicat'on that tho iron was incompletely precipitated in the neutral 
leach and serves as a warning that the unpunties usually removed with iron may 
also be present 

Manganese is usually classed as a harmless impurity It has no great influence 
on ampere efficiency unless present in amounts above 3 g per 1 Large amounts of 
manganese cause the zinc toformaroughspongy deposit with many beads and sprouts 
Manganese is deposited at the anode during electrolysis The reaction is partly an 
electrical deposition and partly a chemical precipitation Manganese sulphate is 
partially oxidized at the anode to permanganic acid, which in turn slowly reacts with 
more manganese sulphate to form h>tlrated MnOi This reaction is practically 
irreversible and the precipitated manganese dioxide remains m the cell Part of the 
MnOi adheres to the anode, and part falls to the bottom of the cell as a sludge The 
amount that adheres to the anode seems to be dependent on the temperature and 
acidity of the electrolyte The presence of certain other impurities such as iron or 
cobalt also influences the deposition of MnOz on the anode Current density also 
seems to have some effect in this direction Low acidity, low temperature, and low 
current density cause heavy anode coatings If theamount of precipitated MnOi is so 
great that particles arc occluded w ith the zinc deposit, these particles, being saturated 
Vnth electrolyte, become individual cells This “local action ” is detrimental because 
large holes are formed in the zinc deposit 

Chlorine in amounts up to about 100 rag per 1 does not materially affect ampere 
efficiency It does, however, mcrcase the corrosion of lead anodes ChlondM are 
easily oxidized at the anode to perchloric acid Trail reports that the amount of 
perchloric acid formed is dependent on the oxidation potential o! the anode hew 
anodes, for this reason, produce more than old anodes Excessive amounts of chlorme 
may also have an effect on the cathode and cause the zinc deposit to adhere tightly 
If the concentrate treated carnes silver, the chlorine content of the electrolyte will 
usually be insufficient to cause troable 

Fluorine has only recently been recognized as the chief cause of the zinc deposit 
"sticking’’ to the cathode Any jmpunty or condition that causes corrosion of the 
aluminum cathode also causes sticking The usual method of counteractmg stickmg 
ts'j ■j/aad'Ajfliuffl/g tfcn Yiuiuift. wmiiliwn viiissa, viA. 

hquids have been used to produce a protective coating The method used at Trsil 
13 to form a coating of alummum sulphate on the cathode by a short soaking” period 
in spent electrolyte Fluorine is normally eliminated by the roastmg process There 
13 Jio knowrn commercial method of effectively removing fluorine from zinc sulphate 
solutions 

Nitrates, when present in the electrolyte, have much the same effect on the anodes 
as chlorides Corrosion of lead is increased and the amount of lead deposited with 
zme 13 larger when nitrates are present 

Sodium, potassium, magnesium, aluminum, calaum, etc , when present in the nor- 
mal amounts, usually have no particular effect on ampere efficiency or on the physical 
character of the zinc deposit Some of these elements are cumulative, howei cr, and 
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if they build up to large amounts may become detrimental. At the Norway plant, 
for e.vample, the concentrate contains so much magnesium that solution must be 
discarded at intervals in order to keep the magnesium content within satisfactory 
limits. 

Current Density. — Current density is the strength of the electrical current used 
per unit of cross sectional area of the electrolyte. In the electrolytic-zinc industry, 
it is commonly expressed as amperes per square foot at the cathode. A wide range of 
current density may bo used if all other operating conditions are properly adjusted. 
After a careful investigation of all the factors entering into the problem, aU the large- 
scale producers have decided that a current-density range of 30 to 40 amp. per sq. ft. 
of cathode surface is the most economical and satisfactory density for their particular 
applications. Going much above 30 amp. per sq. ft. requires special provision for the 
cooling of solution and higher acidity to keep down abnormal power consumption. 
This higher acidity, in turn, requires a higher zinc content in the cell feed and is 
reflected in complications in the leaching system. If a current density much below 
30 amp. per sq. ft. is used, the first cost of plant is high and the zinc deposited is not 
so firm as when deposited with higher densities. Local conditions determine the most 
economical current density for any particular installation. 

An increase in current density is always attended by an increase in the power 
input to the cells because of the higher voltage required. The amount of voltage 
increase necessary will not be so great if the resistance in the cell is reduced by the use 
of a higher acidity and a closer spacing between the electrodes. When acidities above 
12 to 13 per cent are to be maintained, the zinc content of the electrolyte must be 
higher than the saturation point of zinc sulphate at ordinary temperatures. Higher 
temperatures than usual must then be maintained in both the leaching and electrolyz- 
ing sections of the plant. - High temperatures are beneficial in the purification and 
filtration stops of the leaching plant, but are often harmful in the electrolyzing cells. 
Settlement in the tliickeners is hindered by an increase in density of the solution. 
Washing the residue after filtration is made more difficult by an increase in the zinc 
content of the solution, and the probable loss of water-soluble zinc is greater. If the 
resistance of the solution is reduced by closer spacing of the electrodes, the number of 
short circuits in the cell is fikely to be increased. This condition adds to the cost of 
inspection and stripping. The effects of increasing current density under varying 
cell conditions are shown by the charts in Figs. 10 to 13. If the current densitj' is 
increased much beyond the usual low-density practice, it might as well be raised to 
100 amp. per sq. ft. or higher. The usual cooling equipment of a low-density cell 
room is not capable of sufficiently cooling the solution when high density is used. 
Also, if a current densitj^ higher than normal is used, special heating arrangements 
must be made in the leaching plant in order to prevent zinc sulphate crytallizing out 
of the supersaturated solution necessary to maintain the high acidity required. 

Period of Deposition. — The period of deposition varies from the 8-hr. interval at 
Kellogg to the 72-10:. interval at Risdon. Shortening the period of deposition nearly 
always results in some increase in ampere efficiency, if all other conditions remain 
the same, ^^^lcn some harmful impurity is present, or if the temperature of the 
electrolyte is higher than normal, the effect of a variation in the deposition period is 
more pronounced than if the electrolyte is cool and of high purity. As the period of 
deposition is lengthened, the deposit graduallj' becomes rougher on the surface and 
tends to spring away from the surface of the aluminum sheet. The deposition period 
to be used is determined by balancing the benefits of increased ampere cfficiencj' 
against the increased amount of labor required for more frequent stripping. 

Purity of Cathode Zinc. — The purity of the zinc produced can be controlled partly 
oy varying the cell conditions and partly by the amount cf purification carried out 
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in the leaching plant Ihinty of eolukion la the mam factor influencing the purilj of 
the metal The impurity metals that deposit with zinc must be eliminated or eon- 
troUed The three impurities caustog the most concern are cadmium, lead, and 
copper The cadmium content of the zinc deposit is altogether dependent on the 
cfflcienoy of the purification process The lead content of cathode zmc is dependent 
both on the punty of solution and on cell conditions The amount of copper m 
cathode zinc is almost entirely dependent on the amount of copper mtroduced into 
the cells by operating conditions 

The presence of lead m the deposited *mc is due mamly to corrosion of the lead 
anode Normal electroljte, when electrolyzed with platmum anodes, produces a 
deposit containing approximately 0 0002 per cent lead from soluble lead salts in the 
solution The same solution when electrolyzed m a cell using lead anodes gives a 
much higher lead m the deposited zmc The lead content of the deposited zinc vanes 
with the operating conditions in the cell and increases with the age of the anode 
If the lead anode is enclosed in a diaphragm, the amount of lead m the cathode zinc is 
greatly lowered Any iiupurity, either in the solution or alloyed with the lead, that 
decreases the corrosion of the lead anode also decreases the amount of lead m the 
deposited zinc 

An ordinary lead anode consists of crystals of pure lead m a matrix of impure lead 
This impure matrix is usually more soluble under the conditions of electrolysis than 
pure lead As long as the crystals of lead are embedded m the anode, with a relatively 
small part of their surface exposed to the intense oxidizing conditions present at the 
anode, little lead peroxide is formed When these crystals are set free, however, by 
solution of the matru, they present a large surface to oxidation Lead peroxide may 
either go mto solution as lead persulphate and be deposited electrically, or it nay be 
carried over to the cathode m the colloidal stale and be occluded with the zme deposit 
\\’hen the anode is new, it takes some time before the matrix surroundmg the crystals 
of lead la dissolved Durmg this period only a relatively smaU surface is presented for 
oxidation and the cathode zinc contains but Lttle lead If the anodes axe replaced 
frequently, the quality of the zmc produced is unproved Any metaf which, when 
alloyed with lead, tends to increase the resistance of the matrix to corrosion inll 
lengthen the period during which the use of new anodes wiU produce a low-lead con- 
tent in the cathode zmc All the binary alloys of lead with the common metals have 
been investigated A great many alloys contammg two or more metals in addition 
to lead have also been tried 

The precipitation of manganese as a scale on the anode is often regarded as an aid 
m lowermg the lead in cathode sme The formation of some scale is probably bene- 
ficial as a protecton agamst the action of certain anodic impurities An excessive 
amount of manganese scale, however, tends to break away from the anode This 
condition may become detrimental by mechanically carrying particles of lead peroxide 
to the cathode The precipitation of manganese dioxide in the electrolyzing cell 
causes the eventual accumulation of a large amount of sludge m the bottom of the 
cell Periodically the cells must be dramed and this sludge removed A frequent 
periodic cleaning aids m the production of zmc with a low lead content 

Any means of preventing lead dioxide from commg mto contact with the cathode 
helps to loner the lead in cathode zinc The use of a diaphragm surrounding the 
anode would bo very effective in this respect, but no satisfactory form of diaphragm 
cell has yet been dev eloped The greatest detriment to the use of a diaphragm is the 
greatly increased corrosion of the anode caused by msufficient circulation in the ceU 
As soon as the diaphragm becomes partly “blinded “ to free passage of the electrolyte, 
disintegration of the anode is enormously increased An abnormal voltage drcpp 
betTveea the anode and cathode accompanies this condition Another, although 
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less serious, factor against tlie use of diaphragms in the zinc cell is the lack of a cheap 
satisfactory material. 

The addition of anj’’ impurity to the electrolj'te which will lower the oxidation 
potential at the anode is beneficial in the prevention of corrosion of the anode and 
aids in the production of low-lead zinc. 

Miscellaneous Tank-room Notes. — Rotating-disk cathodes have been tried in 
place of stationary cathodes, with the hope of producing a heavier and smoother 
deposit. Their use has never been found to be satisfactory. Only about one-third 
of the rotating-cathode area is immersed in the electrolyte at one time; the remainder 
of the sheet is subject to re-solution of the zinc deposit by the adhering electroljric. 
With disks of the required size, undue warping takes place, which results in the edge 
of the cathode coming in contact with the anode. Stripping the deposited zinc from 
rotating cathodes is a slow and expensive operation. 

Starting sheets of zinc have been tried in place of aluminum depositing blanks, 
but have never proved successful. Thin deposits of zinc tear easily and, when dried, 
become quite brittle. The production, storage, and handling of zinc sheets is a 
difficult problem. Contacts between starting sheets and supporting bars cannot be 
made in a satisfactory manner. In operation the sheets tend to redissolve at the 
solution line, especially if the solution becomes slightly impure, causing the sheets to 
fall into the cells. The use of aluminum depositing blanks leaves little to be desired; 
they operate with so little trouble that no great incentive is given to the search 
for improved methods. The use of starting sheets would save in the cost of 
aluminum and would have some advantages because of the heavier sheet to be 
melted, but the experience so far with starting sheets has not been particularly 
encouraging. 

If it becomes neccssar}' to discard solution because of an overproduction of sulphate 
in roasting, the solution to be discarded should be depicted to less than 10 g. of zinc 
per liter. A separate group of cells should be used and a higher rate of flow than 
usual maintained in order to prevent overheating. The ampere efficiency on these 
cells will be much lower than normal, but the voltage will also be below average, and 
the actual loss in power will not be of any great consequence. Careful control of 
roasting conditions and a close cooperation among the various divisions of the plant, 
however, make it unnecessary to discard solution except under the most unusual 
conditions. 

Melting and Casting. — Electrolytic zinc as cathode sheets has a very limited 
market. For most purposes the cathode sheets must be melted and cast into slabs. 
Melting must be done under carefully controlled conditions to prevent an e.xcessive 
formation of dross. Casting of the molten zinc into slabs is a simple operation and 
can bo done quite cheaply. The total cost of melting, casting, handling dross, and 
loading slabs for shipment amounts to only about 8 per cent of the total zinc produc- 
tion operating expenses, when hand labor is used for casting and loading. 

A reverberatory furnace is commonly used for the melting operation. The depth 
of bath in zinc-melting furnaces is greater than is customary in similar furnaces 
for most other metals. The bath depth of the zinc-melting furnace varies from 30 to 
36 in., depending on the area e.xposed for heating the bath. With a depth of 30 in., 
the hearth should be .about 15 ft. wide by 20 ft. long. Rliile, for construction pur- 
poses, a reverberatorj’' fumneo is commonly used, a furnace designed to transfer its 
heat to the bath from underneath would be better suited to the purpose than one 
heated through the surface of the bath. As much melting as possible is done under 
the surface of the bath. In the reverberatory furnace, the temperature must be 
carried so high to drive the necessary amount of heat into the bath that some burning 
of the zinc to zinc oxide is unavoidable. 
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The furnace is built on a steel pan to prevent possible loss of 2 inc through the 
furnace bottom This steel pan is placed on concrete piers to allow a circulation of 
air under the furnace The bneb hearth is then built inside the pan Common brick 
may be used for the bottom and hearth, but firebrick is necessary above the metal 
line and for the furnace roof Ono or more charging holes, large enough to permit 
the passage of several cathode sliccts, arc built into the furnace roof These boles 
ate closed except when charging the fumMC, bj remote-controlled caat-iron doors, 
usually water cooled Ladle wells, from which the zinc is ladled while casting are 
built into one end of the furnace These ladle wells are open on the bottom, and the 
sides extend below the surface of Hit bath to prevent dross from getting into the cast 
mg ladles and to exclude air from the furnace Doors arc provided along the sides 
of the furnace just above the metal line, for rabbling and skimming dro«» 

Casting is usually done bj hand, using ladles earned from a trollcv running on an 
overhead I beam Each ladle holds & little over 200 lb of iwoUen zinc, which is enough 
to east four slabs The molds arc made of east iron, and the «labs cast in them each 
weigh 50 to 60 Ib The molds are placed on racks to a straight line under the I beam 
Casting on a rcvolvang wheel to carry the molds is not satisfactory because of the 
tough surface formed on the slabs by Mliratiaoa set up by the wheel In order to 
obtain a bright smooth surface on the finished metal, the slabs arc skimmed bv hand 
as soon as they are poured Tlic slight film formed on the surface is removed b> this 
skimming along with any nir buVibles dunng pounng After the slabs arc cast and 
skimmed they are cooled by a water spra> on the backs of the molds As soon as 
the metal has set the molds, which are pivoted near the center, arc turned over 
and the slabs dumped The slabs arc then stacked by hand and trammed awsj hj 
cither hand-drawn or powered trucks A crew of three men can pour, skim, and stack 
30 to So tons of zinc each working shift M ith the larger furnaces, two or more ladle 
wells ladles and mold racks are usually provnded 

Dross is skimmed from the furnace at regular periods into «omc suitable convfv- 
aneo and is delivered either to a scrcciung plant or to a "dross drum " In cither case 
the object u to remove as much of the metallic zinc as possible from the dross If 
the dross is to be screened jt is cooled before treatment, but if it is to be bandied by 
a dross dtoim it la deliv eied to the drum ns hot ns possible The dross drum is a 
horizontal steel cylinder capable of being rotated on its longitudinal avis The 
circumference of the drum is in tbe form of a modified scroll llTien revolved m one 
direction the charge is thoroughly mixed but when the direction of the rotation is 
reversed, the drum empties itself A drain at one end of the drum allows moltca 
zinc, separated from the dross by action of the drum, to be drained off 

The metallic zinc recovered from dross is cither returned to the melting furnaces 
or used for the production of zme dust This ‘ treated” dross contains some mtchani 
cally held metal and also an appreciable amount of chlorine from the flux u^ed in the 
fiixnarji The, mctalbcA uvisk h«- ‘saA.vfL wwA aWremwb lod-cfitd tw w Ifta, 
before the dross can be returned to the leaching system A separate furnace may be 
provided in which, by continued heating, the metalhcs ate oxidized and most of the 
chlorme dnven off In many cases the dross can be sold as a separate product 
Dross can also be reduced to zinc dust by reduction w ith coke in an electric furnace 
Furnace Operation — Any fuel may be used wnth which a reasonable control of 
furnace atmosphere and temperature may be had In order of preference, the fuels 
are gas, oil, and coal A neutral or slightly reducing atmosphere should he maintained 
m the furnace to avoid burning the zme Tbe temperature of the furnace gases 
ehould be kept below 600°C , preferably around 550*0 

Cathode sheets are charged into tbe bath of molten zinc through a charging door 
in either the roof or side of the fomsce As many sheets are charged at one time as 
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can be accommodated by the handling equipment and the hath of molten zinc. Some 
system such as rollers or slides is used so that the stack of cathodes can be charged 
with the least possible admission oi air. As the stack of sheets falls into the bath,' the 
individual sheets spread, allowing the molten zinc to pass around each sheet. If the 
furnace is large enough, more than one charging door may be pro\lded, in order to 
spread the charge as much as possible. Ideally, the total charge should pass into the 
bath and out of contact with the furnace gases. Melting should take place under 
the surface of the bath. If the furnace is large enough, most of the heat necessary 
for molting is absorbed from the molten bath, which in turn receives its heat through 
the layer of dross on the surface of the bath. This ideal method of molting is seldom 
attained because of the large bath of metal necessary if 100 to 160 tons of cathode 
.sheets is to be melted during each 24 hr. of furnace operation. In this case it becomes 
necessary to sacrifice some zinc by burning in order to maintain the necessary melting 
rate. Charging and casting arc cai'ricd out simultaneously, and the level of the bath 
is held as constant as possible. 

Some air is admitted into the furnace with each charging of cathode sheets, partially 
destroying the reducing atmosphere, and allowing a small portion of the zinc to burn 
with the formation of zinc oxide. A thin film of zinc sulphate is usually present on 
the surface of each cathode. The greater the amount of “sprouting” on the sheets, 
and the greater the porosity of the sheets — as when produced from an impure solution 
— the more air and zinc sulphate will be carried into the bath per pound of zinc. 
The zinc oxide produced in the furnace and the zinc sulphate from the sheets form a 
“dross” that rises and floats on the surface of the bath. This material holds within 
it a high percentage of metaUic zinc and forms an insulating blanket that prevents 
efficient heat transfer to the bath. A small amount of dross on the surface of the bath 
is desirable as it protects the surface of the bath from further oxidation. The forma- 
tion of a large amount, however, seriously affects the recover}’ of cathodes to slabs. 
Accumulations of dross in the furnace are removed at regular intervals. If the furnace 
is cooled down to prevent the burning of zinc and the dross is rabbled thoroughly, 
a large part of the metallic zinc held in the dross will drain into the bath. A small 
amount of sal ammoniac used as a flux aids in this separation by dissolving the oxide 
film surrounding the particles of zinc and allowing them to coalesce. An excessive 
amount of sal ammoniac should be avoided from the economic standpoint. Normal 
consumption of sal ammoniac is about 1 lb. per ton of cathodes melted. Babbling 
also causes the formation of some oxide: the side doors must be open during the 
operation, admitting air to the charge; and a greater surface of zinc is exposed. 
After being thoroughly worked in this manner, and all the metallic zinc possible 
drained into the bath, the remaining dross is raked out through the side doors of the 
furnace. The dross is then cither screened or treated in a dross drum. In the dross 
dnun more sal ammoniac is added, and the resulting metallic zinc is allowed to drain 
o\it of the “dry” dross. A fairly complete separation is thus obtained, producing a 
dross containing about 80 to 85 per cent zinc. From 3 to 5 per cent of the weight 
cf the cathode sheets charged goes into dross, the amount depending on the physical 
condition of the surface of the sheets, the crystalline structure of the metal, furnace 
operation, and the thoroughness with which the dross is treated for the recovery 
of metallic zinc. Less than 4 per cent dross is considered good work for average sheets. 
If the furnace capacity is exceeded, and it becomes necossary’ to melt a large part of 
the charge above the molten bath, it is almost impossible to prevent the formation of 
nn excessive amount of dross. 

Cross is a desirable source of zinc for lithoponc, high-grade zinc oxide, and zinc 
chloride, much of it being used for these purposes. It is also a desirable material for 
some retort zinc smelters, requiring no roasting and enriching the lower grade zinc 
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matenals treated Its chlorine content 13 the only objection to returning it to the 
leaching division If there is enough soluble silver in the calcine being treated to 
remov c some chlorine from solution, roasting the dross at 400 to SOO'C mil reduce its 
chlorine content sufficiently to permit re-treatmeni in the leaching division If dross 
IS to be re-treated roasting, leachmg, purification of solution, electrolysis, and meltmg 
of the resulting amc must be charged against the amount of zin'* recovered Zme 
dross mav also be used for the production of *mc dust when reduced bj suitable 
treatment in an electnc furnace Disposal of dross must be detemuned with respect 
to plant location and cost of re-treatment 

llie flue gases from the casting furnaces carry a considerable amount of zinc omde, 
uhich can be efficiently recovered by passing the gases through a baghouse Cotton 
bags can be used if enough cooling pipes arc u<«ed to cool the gases below ISO'C 
before entering the bags The material caught isa mixture of zme oxide and unbumed 
carbon, it also contams an appreciable aroount of chlorine from the sal ammoniac 
flux u'ied in the furnace This material can be disposed of in several ways it can be 
uater leached to remove the chlorine and added to the leachmg system, it can be 
added to the regular feed to the roasting furnaces, or it can be sold as a separate 
product 

Zinc Dust — ^Zinc dust, for use in the purification of solution in the leaching dm- 
sion, 18 made bj the atomization of molten zinc ivi'h compressed air Molten zme 
is transferred from the melting furnaces to a graphite crucible provided with a suit- 
able heatmg arrangement to keep the zinc molten The molten zinc, at a fairly high 
temperature runs in small streams through holes m the bottom of the crucible, n here 
it la invinediately caught by a blast of compressed air, atomiied and blown into a 
settling chamber The particles of zinc are cooled so rapidly that practically no ouda 
tion takes place Fineness of dust is controlled by air pressure, size of the stream of 
zme, and the design and location of the air nozzle with respect to the stream of zme 

The holes m the bottom of (he crucible or pot, through which the molten zinc is 
earned to the air blast, ate eubject to a great deal of w ear from the zinc stream An 
increase in the size of the hole increases the size of zinc particles produced It is 
therefore necessary to maintain as nearly as possible the original size of opening 
This is accomplished by boring boles m the bottom of the crucible into which are 
cemented graphite plugs These plugs are drilled for passage of the stream of molten 
zinc and are replaceable when the holes become too large This results m a large 
saving in cost through a much longer crucible bfe 

The shape of the air jet formed by the nozzle or nozzles used m the atomization 
of zme dust 13 of great importance in determming the efficiency ol the operation 
Multiple nozzles are much more satisfactory than a single opening The air nozzles 
should form a jet which, if visible, would have the appearance of a U or crescent 
shaped trough in which the steam of molten zinc is caught The bottom of the jet 
shnulfl be hns.vuic t,han.tiw.sjd/is. Vmivk yaaf.Vvond 

where struck by the molten zme If the stream of molten zinc slnkes too far lichu'd 
this point, some of the zme will be earned up and out before becoming compiciel} 
atomized, if too close to this point, the zme stream will not be entrapped 

High air pressures give liner dust, but 75 lb pressure will give a product most of 
which 13 finer than 100 mesh The air supply to the jets must be well trapped fo 
remove any oil earned o\er from the compresaor, otherwise an explosion maj occur 
in the dust-collcctmg system Finely diiided zinc dust in suspension is Jugbl' 
explosive, and particular care should be taken to keep open flames away from the dust 
plant 

If a classification of the zinc dust particles is desired, sufficient air is dravrn 
through the chamber mto which the dust is blown to carry out the finer particles 
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This fine dust is then caught by suitable collecting equipment. If no classification 
is desired, the chamber is vented through bags or other filtering equipment located 
over the chamber and discharging into it. 

Zinc dust is usually produced only for local consumption, but is sometimes sold 
as a separate product. Because of the high purity and relative coarseness of the 
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usual zinc dust made by clcctrolytic-zinc plants, it is not entirely satisfactory for 
use in cyanide plants. 


GENERAL PLANT DATA 

Labor. — The total labor required for operation and maintenance, including everj'-- 
thing from the unloading of the concentrate to the shipping of the finished zinc, will 
vary from 1.5 to 2.0 men per ton of zinc produced, depending on the capacity of the 
plant and the grade of concentrate treated. Low-grade concentrate requires more 
men in the roasting and leaching divisions, per ton of zinc produced, than high-grade 
concentrate. Increasing the capacity of a plant decreases the number of men required 
per ton of zinc. A high percentage of the labor required is what is usually termed 
unskilled labor. Working conditions arc such that a good class of labor is attracted. 

Power. — The actual power required for deposition of zinc at 30 amp. per sq. ft. 
will average about 1.5 kw.-hr. direct current per pound of zinc. Assuming 93 per 
cent conversion cfiiciencj- from alternating to direct current, approximately 1.6 
kw.-hr. alternating current will be required per pound of zinc. This is 3200 kw.-hr. 
per ton of zinc. Amviliarj' power for the roasters, leaching plant, casting, com- 
pressed air, etc., varies in its relation to the power for the electrolyzing cells witli the 
size of the plant and the grade of concentrate being treated. For a plant producing 
100 tons of zinc per d.ay from a 50 per cent concentrate, the au.\iliary power will 
amount to loss than 10 per cent of the total power. This proportion of auxiliary 
power decreases as the size of the plant increases. Assuming 10 per cent for auxiliarj- 
power, the total power requirement for a lOO-ton plant will be 3560 kw.-hr. per ton of 
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*mc, or a total of 15 000 kw required Decreasing the current density decreases the 
total power requirement slightly 

Auxiliary Equipment — Leaching m 30-ton Ricliuca tanks requires 125 to 150 
cu ft of free air per imnuto per tank This air is supplied at 20 to 30 lb pressure 
Some air is also required for agitabon of pulp in ^ters, opening of thickener spigot 
lines and various other purposes It is desirable that air higher than 30 Ih per 
sq m should be furnished for these purposes The manufacture of zinc dust requires 
an air pressure of at least 75 lb per sq in The volume of air required for zme-dust 
manufacture depends on the number of nozzles and the size of the stream being 
atomized For all purposes, an aacrage 100-ton plant should have a capacity of at 
least 1000 eu ft of high pressure air per minute 

Some steam is used for heating solution in the leaching plant, in addition to the 
amount normally required for heating \arious buildmgs The amount required for 
heatmg buildings uiU depend on climatic condtions and the type of huildmg con- 
struction Some heat is generated m the leaching tanks, the temperature averaging 
50®C or higher, and the large area exposed by the surface of the thickeners allows 
much of this heat to be radiated This reduces the amount of steam heating neces- 
sary in the leaehmg plant A similar condition exists in the electrolyzing division, 
but not much of this heat can be consened because of the amount of lentilation 
required No extra heat is required in the roasting and casting diiusions bey ond that 
needed to keep the air and ivalcr lines from freezing 

^ater is requued in mcrcnsingly large quantities, as the current density is 
increased for coobng the cells If the plant is so arranged as to permit proper dis- 
tribution, the water for cooling the cells may be used again for all tnc other require 
ments of the plant The only exception to this is the water used for cooling the 
transfonners Tlieccllicquirement-^toSgal periwin pertonof zinc daily output— 
is more than sufficient in volume for the other requirements If reasonable rare u 
taken of the cooling apparatus m the cells, the water will not he contaminated from 
this source 

A small foundry for making copper, bronze nnd lead eastings of spare parts for 
replacement of equipment in contact with corrosive solutions, is almost a necessary 
adjunct to an electrolvtic-zinc plant It wall prove to be a highly profitable invest 
menl Carpenter pipe boiler blacksmith, electric, and machine shops are needed 
to build and install new equipment and to care for the regular roamtenance work 

First Cost of Plant — The first cost of an electroly tic zinc plant, including all 
auxiliary departments water system, tramming systems, bins, etc > will vary from 
530,000 to 540 000 per ton of daily zinc capacity The cost depends on the size of the 
plant, type of construction, cost of labor and supplies, and the location of the plant 
A large plant built under the most favorable conditions would probably cost about 
530 000 per ton of daily zinc output A plant of only one-half the capacity of the 
■nsBA oemdAwKs, wucA& pro'oa'uty cos^ Tpib^Kfit to pa Vw. 

Pow er conversion equipment and motors make up the largest single item of cost 
The second largest item is made up oi dectndylic cell equipment such as alummum 
cathodes lead anodes, cooling coils tank hnmgs copper bus bars, conductor bars 
and other items made of copper or lead hluch of the leaching equipment is of 
copper, lead, or bronze Koasting and leaching equipment js almost all of standard 
design and, for this reason, has a higher salvage value than if made specially for indi 
vidual applications 

The first cost of an electrolytic zinc plant depends less or the grade of material 
treated than that of a retort plant The electroly zing division and the melting and 
castmg division are altogether dependent on the amount of zme produced regardless 
of the source Much leaching plant equipment is dependent on the \olume ol soli 
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tion to bfi Iiandled and, tlierefore, on the zinc output. The roasting eqxnpment neces- 
sary is largely dependent on the grade of concentrate. This is also true, to a large 
axtent, of some of the leaching-plant equipment. The roasting equipment required 
for a given zinc production is roughly inversely proportional to the grade of zinc 
concentrate treated. The first cost of a plant of this kind, therefore, decreases as the 
grade of concentrate increases. 

Recoveries. — If adequate means arc provided to collect the dust from the roasting 
furnaces, the total losses in the roasting division will be almost negligible. The 
amount of dust carried out of the furnaces by the flue gases is usually high when 
roasting flotation concentrates in multiple-hearth furnaces, but is mostly a circu- 
lating load when proper equipment is used. The onl 3 '' other source of loss in the 
roasting department is through screening and cooling of the calcine and in crushing 
oversize calcine preparatorj' to returning it for further roasting. 

The Icaching-plant residue contains unroasted zinc sulphide from the calcine, zinc 
ferrite insoluble in the leaching process, some zinc oxide not dissolved in the leaching 
solution, and anj' zinc sulphate not removed when the residue is washed ndth watei . 
The total loss of zinc as residue is the largest single loss of the electrolytic process and 
maj' account for as much as 20 per cent of the total zinc vnth a particularlj’^ unfavor- 
able zinc ore. The loss of zinc as ferrite is usually the main part of the residue loss. 
In case of verj’ pure ores, however, the loss of zinc as sulphide may exceed the loss as 
ferrite. Anj’’ unroasted zinc sulphide carries approximately twice as much zinc as 
sulphur. A 0.2 per cent sulphide sulphur in the calcine, therefore, will mean a loss of 
0.4 per cent zinc, which is equivalent to 1 per cent of the total zinc in a 40 per cent 
concentrate. A concentrate containing much iron will produce a corrcspondinglj' 
high percentage of residue with a large loss of zinc as ferrite. As has been previously 
pointed out under the discussion of the formation of ferrite, the amount of ferrite 
formed cannot be definitely predicted from an analysis of the concentrate because of 
the fact that the intimacy of contact between the particles of zinc and iron influences 
the completeness of combination. It can be assumed for general purposes, however, 
that as the iron content of the concentrate increases, the amount of zinc ferrite loss in 
the residue also increases. The real measure of efficiencj' of the leaching process is 
shown bj' the amount of undissolved zinc oxide remaining in the residue; good oper- 
ation requires that the amount of such zinc in the residue should be less than 5 per 
cent of the total zinc in the residue. \Mion treating a concentrate containing appro.xi- 
mately 55 per cent zinc, the total zinc in the residue should not be more than 6 per cent 
of the zinc in the concentrate; of this amount, 8 per cent^ — or about 0.5 per cent of the 
zinc in the concentrate — will be present in the residue as zinc oxide. The amount of 
zinc lost in the residue as zinc sulphate will be approximately twice that lost as zinc 
oxide. In other words, about 10 to 20 per cent of the total zinc in the residue, or 
about 1 per cent of the zinc in the original concentrate, will be lost in the residue as 
zinc sulphate. The normal zinc loss in residue from a high-grade concentrate con- 
taining 55 per cent zinc may be summed up as follows; 0.2 per cent of the sulphur 
unroasted will cause a loss of 0.7 per cent, undissolvcd zinc oxide will cause a loss of 
0.5 per cent, zinc sulphate not washed from the residue will cause a loss of 1 per cent, 
and the insoluble ferrite will cause a loss of approximately 3.S per cent. This is a 
total loss of G per cent. As the zinc content of the concentrate decreases, with a 
corresponding increase in the iron content, the percentage loss from sulphide and 
ferrite will increase, and the percentage loss as zinc oxide and zinc sulphate will 
decrease. With a concentrate containing 40 per cent zinc, the residue loss Avill 
amount to about 12 per cent of the tot.al zinc. 

Figure 15 gives a formula for determining leaching recovery (recovery from calcine 
to residue). It is ba.scd on the fact that the amount of zinc in a definite amount of 
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calcine tliat is insoluWe in I per twit H^O« equals the amount oC such insoluble iinc 
in the residue produced Jrom this talraie ‘!^lc^ef 0 ^wy calculated from this graphic 
formula does not include anj loss in punfication residue 

The amount of punfication residue produced and the amount of zinc in such 
residue depend mainly on the amount of copper and cadmium m the solution to be 
punfied, and therefore on the amount of xroo dust used for purification of solution 
The purification residue also contains some basic sulphate precipitated from the 
solution and solids o\crflowmg the neutral thickeners The amount of zinc from 
these sources makes the zme content of this residue approximately equal to the 
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Flo. 16— Graphic »siic-TecoveT> formula fbosed on fact that insoluble zinc m calcine 
equals insoluble sine in residue) 

amount of zinc dust used for purification Treatment of the purification residue for 
the rccot ery of the zinc and separation of the copper and cadmium mil recoi er 90 to 
95 per cent of the zinc content ^tith adequate treatment, the net loss of zme from 
this source should not be more than 10 per cent of the zinc dust used 

There ts no loss of zinc in the clcctrolyzmg diriaton, other than that from mist or 
spraj from the surface of the cells, unless acid vs discarded With careful control of 
roasting and leaching operations, there la really no necessity for discarding acid 
Lrcn if It docs become necessary for a plant to discard some acid, the Io«s of zme from 
this source can be minimized by depleting the zme m this solution to 1 per cent of If** 
If the dust in fumaco gases w properl} collected, there should be practically 
zme loss in the melting and casting dnision TSie onlj loss in this case is a result of 
handling and treating the collected dost and the zinc dross produced by the 
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operation. The total loss in this division should not be more than 0.10 per cent of 
the total zinc entering the plant. 

There is ahv.ay.s some loss of zinc through handling solution and calcine. The 
total loss from handling should not be much ; the amount depends on the arrangement 
of the plant divisions and on the provisions for handling occa.sional spills of solution. 
Tlie sum of all such losses in the leaching and electrolyzing divisions should not exceed 
1 .0 per cent of the total zinc loss. 

Starting tvith a concentrate containing approximately 55 per cent zinc, 0.6 per 
cent copper, and 2 per cent iron, the expected losses should be about as follows: 
roasting, 0.75 per cent; leaching-plant residue, C.O per cent; purification residue, 
0.25 per cent; molting and casting division, 0.10 per cent; general handling, 1.0 per 
cent; total, 8.1 per cent. This is an over-all recovery of 91.9 per cent from concentrate 
to finished zinc. 

By-products. — The location of the plant with respect to markets for the sale of 
by-products limits the value and the production of these materials. Common 
by-products, which may be produced in connection with regular plant operation, are 
.sulphuric acid, zinc dust, zinc oxide, lithopone, zinc salts, cadmium, and cadmium 
salts. 

Sulphuric acid can be profitably produced from the roaster gas of an electrolytic- 
zinc plant if a satisfactory market exists for this product. When high-iron concen- 
trates are to be treated, however, close temperature control is required and the upper 
hearths of the furnace must be kept cool by the admission of air to prevent the forma- 
tion of an excessive amount of ferrite. A condition such ns this renders the production 
of sulphuric acid unprofitable unless the value of the by-product is such that it is 
cheaper to provide some special method of residue treatment to recover the zinc 
combined as ferrite and to produce acid from the roaster gas. 

Some sulphuric acid is produced by sulphate roasting and the subsequent elec- 
trolj'sis of the resulting zinc sulphate. More or less zinc sulphate is formed depend- 
ing on the conditions of roasting. Also, if the iron sulphate formed during roasting 
is not decomposed in the lower part of the furnace, the SO< radical will unite with 
zinc to form zinc sulphate during the reactions in the neutral leach by which iron 
hydroxide is precipitated with excess zinc oxide. This is a source of sulphuric acid; 
but acid is expensive to produce in this manner, ns the spent electrol 3 ^tc must be 
evaporated in order to obtain a marketable product. If, however, a market is also 
available for lithopone or zinc sulphate, such acid can be profitably utilized. 

Zinc dust is produced primarily for the purification of solution. The high purity 
and relative coarseness of the dust normally used for this purpose makes it undesirable 
for market purposes. There is no objection to the use of dust containing some lead 
and cadmium in the regular zinc-dust purification. Therefore, if a suitable market 
exists, it is very easy to lower the purity of the dust produced without affecting the 
efficiency of the dust used for local consumption. The dust can also be produced in 
anj' desired degree of fineness bj' slight changes in the atomizing process and by 
classifying the dust while it is being collected. 

Zinc dross is verj' often sold as a by-product of the electrolytic-zinc process. 
Much of it has been used in the production of lithopone, high-grade zinc oxide, and 
for zinc chloride. Zinc dross is also a desirable material for some retort smelters as 
it is very high in zinc content and requires no prcliminarj' treatment. Whether 
zinc dro.ss is sold as a bj--product or re-treated for the production of zinc depends on 
the location of the plant and the existing markets. 

Zinc sulphate solution suitable for elcctrolj’sis is of a high degree of purity except 
for manganese. When manganese has been removed by the usual methods, the 
res\dting solution is of e.xceptional purity and is highly desirable for the production 
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low moisture content by keeping the cake “open” to passage of the solution and wash 
water. High-grade zinc concentrate produces a residue high in moisture because the 
amount of gelatinous material produced from such a concentrate is high in proportion 
to the amount of sandy material in the residue. As a general rule, the amount of 
sandy material increases as the zinc content of the concentrate decreases. To be 
suitable for the usual methods of treatment, the residue must be dried further to reduce 
the moisture content. 

A direct-fired rotarj^ drier has a large capacity and is cheap to operate, and is 
superior in these respects to other types of drying equipment. It consists of a brick- 
lined steel tube mounted on rollers at a slight incline and revolved by a gear-and- 
pinion drive. The material to be dried is introduced through a chute at the upper 
end and, because of the revolution of the inclined tube, slowly passes tlirough the 
drier to the lower end where it is discharged. The tube is fired at the discharge end, 
and the hot gases leave the drier at the feed end. 

Part of the drying is done by contact between the residue and the hot gases and 
part by contact between the residue and brick lining. The lining is exposed to the 
hot gases for more than half of the revolution and absorbs heat that is later trans- 
ferred to the residue. The revolving motion of the drier carries the residue part 
way up the side of the tube in the direction of rotation, and then the material falls 
or rolls back into the trough. A good contact between the residue and the hot gases 
is given because of this action. The rolling action of the drier gives a product that is 
formed into small lumps or balls. This product can be handled without excessive 
dusting loss and docs not tend to hang up in bins or hoppers. The dried material 
contains 10 to 15 per cent moisture. The apparently high moisture content is due 
to incomplete drying in the centers of the lumps. Further reduction in the moisture 
content is not desirable ndth this type of drier, as an excessive dust loss from the driers 
and in handling would result; if a lower moisture content is necessary, some other 
type of drier should be used. 

The methods of treating the final residue from the electrolytic-zinc process are 
many and varied. Lead-furnace or copper-furnace treatment of the residue, or a 
combination of the two, is the usual procedure if the zinc plant is situated in a locality 
where these methods are economically available. Some wet methods have been 
employed in the past for residue treatment but, as they arc not entirely satisfactory, 
are not now in common Use. The margin of profit in treating the final residue is so 
low that not many special methods have been developed; several methods have, 
however, been adapted from other metallurgical process. Among these several 
methods are the Waelz process, the ash-fusion process, and the electrothermic 
process. 

Classes of Residue. — Residue may be divided into four general classes: (1) that 
containing insufficient values to pay for the cost of further treatment; (2) that con- 
taining lead as the only value of consequence in deciding the method of treatment; 
(3) that in which metals other than lead are present in considerable amoimts, but in 
which lead is in c-xccss of copper in value; and (4) that in which the value of recoverable 
copper exceeds the value of recoverable lead. 

Tlic rc.siduc from class 1 is a waste product and may bo discarded by counter- 
current washing and sluicing. This method of disposal will save some of the cost of 
filtering and rcpulping. Tlic difference in cost between countercurrent washing and 
the usual filtering and washing operation offsets the loss of value in the residue, 'llie 
economics of the two methods for the disposal of a chiss 1 residue must be considered 
in the light of local plant conditions before deciding which is the most desirable 
method for any individual situation. The point at which to draw the line between a 
clas-s 1 and a ela.s.s 2 re.sidue must also be decided by local conditions. 
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as fume, the residue may then be advantageously treated in a copper blast furnace 
or copper reverberatory. 

A combination reverberatorj' and lead blast-furnace method of treatment is 
especially well adapted to the treatment of residue containing some copper, an 
appreciable amount of zinc, and not enough lead to make a direct lead blast-furnace 
treatment economically feasible. Part of the residue may be smelted in a reverbera- 
tory furnace and the copper and most of the zinc eliminated in the matte and slag. 
The fume from this operation, high in lead and low in zinc and copper, can then be 
added to the remainder of the residue to make up a blast-furnace charge. In this 
manner the amount of zinc to be slagged in the blast-furnace operation is materially 
lowered, which reduces the amount of slag formed, and the percentage of lead recovered 
is greater. 

Before zinc-plant residue can be treated in a blast furnace, some form of agglomera- 
tion must be resorted to, or the dusting losses will be prohibitive. A fair sinter may 
be made by mixing the residue with foul slag and coal and putting the mixture over a 
Dwighlr-Lloyd machine. It may also be formed into briquettes, without the addition 
of any other material, which are hard enough so that they may be handled without 
producing much dust. Fume added to the residue hardens the briquettes, and this 
additional hardness may be found advantageous if the residue is treated by the 
combination reverberatory and blast-furnace method. The briquettes may be formed 
by feeding partly dried residue into a pugmill where just the right amount of water 
is added to produce a mixture of the proper consistency. This product is then put 
through an auger brick machine and the resulting ribbon cut into blocks of suitable 
size. These blocks are then dried. The zinc sulphate and gelatinous material con- 
tained in the residue give the material sufficient binding properties to make a good 
hard briquette. 

It is possible to eliminate zinc as a fume, in the reverberatory furnace, but the cost 
of treatment and the cost of subsequent purification of the solution produced from 
such a fume is high enough to offset the value of the zinc recovered. Arsenic, anti- 
mony, etc., are carried with the zinc fume, and when the fume is leached the solution 
is so impure that special methods must be used to prepare it for electrolysis. 

The Waelz process is a relatively cheap method for the concentration of zinc from 
low-grade material and is used extensively all over the world. The Waelz process 
is especially adaptable to the recovery of metals from zinc-plant residues of all classes 
containing enough values to pay for the cost of treatment. The object of the process 
is to drive off zinc, lead, and other easily volatilized metals and to concentrate them 
as a fume. This fume is then treated for recovery of these metals. The kiln residue 
contains the nonvolatilizable metals and, if sufficient values arc present, can be 
treated for their recovery. 

The Waelz process requires no preliminary drjdng of the residue as slimes con- 
taining as high as 40 per cent moisture can be easily treated. The feed is simply 
mixed with the required amount of coke and fed to the kiln. Almost any sort of coke 
can be used. The charge is weighed and mixed in any simple sort of mixing machine 
and fed to the kiln through an inclined chute. 

The kihi is a long, horizontally inclined cjdindcr with a brick-lined steel shell 
supported on riding rings and rollers. The usual slope of the inclined cylinder is 
1 to 0 per cent of the length of the kiln. The kiln is rotated by a pinion driving a 
large toothed gear hastened around the circumference of the shell. A variable-speed 
motor is preferred on the larger installation.s. Some sort of stand-by equipment 
should be provided to operate the kiln in case the usual source of power fails. 

The kiln is fired at the lower or discharge end of the inclined cylinder, and the 
waste gases arc carric<l away at the feed end. llic normal operating temperature 
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of the kJn a 1100 to 1200'’C at the fire end, and 500 to 600°C at the exit point of the 
gases The kiln is normally operated und^ induced draft produced by a fan in the 
collecting system 

The material to be treated is introduced through a chute at the upper end of tie 
inclmed e>hnder The rotating motion of the Liln causes the charge to be catiieii 
part nay up the side of the cylinder in the direction of rotation From this point it 
tumbles back mto the trough at the bottom The tumbling action of the charge 
together with the inclme of the cylinder, causes the charge to work its way slowly 
down the length o5 the kiln to the discharge end The charge moves m a direction 
opposite to the gas flow The moisture is evaporated and the charge absorbs heat 
both from mtmiate contact with the hot gases and from contact with the heated 
lining The maximum temperature aflmvable in the kiln is the softenuis point o! the 
material treated It the charge softens and begins to slag all reactions stop immedi 
ately The success of the ItaeJs process depends oji the long period of reduction and 
on the fact that the reducing and oxidizing zones are actually superimposed on each 
other throughout the greater part of the kiln 

The fume and dust earned away from the kiln bj the hot gases pass through 
settling chnrohera and collectors wl ere the dust is settled out The dust is much 
heavier than the fume and can be efficiently separated from it The dust is usually 
returned to the kiln along with the regular charge The fume and hot gases are 
lowered m temperature by passing them tlirough cooling pipes and the fume is col 
lected ID a baghouse or a Cottrell precipitator 

The kiln residue is discharged into any suitable container and is disposed of accord 
ing to the value of the recoverable metal 

The treatment of zme plant residue by the ash fusion gas-producer method was 
developed by the Society des KouilUres de SamUEtieime It has been in use for 
several years by the V mez works of the Soci4t4 de la Vicille-Montagne The \ ivicz 
electrolytic zme plant la too far from a lead smeller to make it possible to treat the 
residue economically by a lead furnace operation 

The zinc plant residue as delivered from the filters is first dried to about 5 to 6 
per cent moisture m a rotary drier The product from the drier is slightly moistened 
with water in a mixing machme and briquetted The briquettes are further dried to 
produce a hard firm surface that can be handled w ithout excessive mechanical loss 
The briquettes are added to the furnace along w ith salt cake and the various neces- 
sary fluxes The slag formed contains about 30 to S4 per cent SiOj 18 to 24 per cent 
CaO and IS to 20 per cent FeO A sing of this composition will contain a maxunum 
amount of iron with a minimum amount of zinc The matte produced by this process 
contams some of the iron and most of the copper silver and gold m the original 
residue Certain other elements such as cobalt, nickel manganese, arsemc and 
antimony are also eliminated with the matte 

The gas produced by the apparatus carries off the voIatUizable metab as a fume 
A considerable amount of fine dust also accompanies the flue gases and is collected 
separately from the fume The fume la cooled and collected by standard methods 
and is returned to the electrolytic cycle 

Recovery of ^nc from Lead Blast furnace Slag — Zinc can be recovered from lea 1 
blast-furnace slag by suitable treatment in a reduction furnace from which the zinc is 
collected as a fume The method used at the tast Helena slag treating plant of the 
Anaconda Copper Riming Co and elsewhere has an advantage over roost previous 
methods in that it is able to treat tlie molten slag direct from the blast furnaces 
thereby saving the cost of remclUng It has the further advantage of bemg able to 
melt cold slag more cheaply than by treating back tlirough a blast furnace as pul 
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verized coal is used for heating, and the melting and reduction processes are carried 
on almost simultaneously in the same furnace. 

The plant consists of a slag-treating furnace, steel pipes for cooling the fume and 
gases, and a baghouse for collecting the fume. The furnace is rectangular in cross 
section, the sides, ends, and top of the furnace are jacketed for water-cooling, and the 
furnace bottom is a water-cooled cast-iron plate resting on a concrete foundation. 
Air and coal dust are admitted through tuyeres along each side of the furnace, the 
slag is introduced into the furnace through a charge hole in one end, and the gases 
and fume arc taken off from the opposite end of the furnace. The hot gases and fume 
are cooled by passing through steel cooling pipes and are filtered through woolen bags 
in the baghouse for recovery of the fume. The fume collects in hoppers underneath 
the bags and is drawn from the hoppers into railroad cars for shipment to the elec- 
trolytic-zinc plant at Great Falls. 

A furnace charge consists of approximately 35 tons of slag. Slag, containing about 
10 per cent zinc, is brought to the furnace in pots and is charged into the furnace by 
raising the pots by a crane and pouring the contents through the charge hole. Blow- 
ing is started, and more molten slag and crushed slag skulls are added until the full 
charge is in the furnace. The percentage of skulls used will vary with operating 
conditions of the lead blast furnaces, but normally does not exceed 30 per cent of the 
slag treated. If sufficient molten sing is available, no skulls arc treated. 

With all molten slag, a furnace C 5 ’’cle is about 30 min. for charging and 140 min. 
for blowing and discharging. Eight or nine charges can be treated per 24 hr. When 
skulls or cold slag are treated, the cycle is increased by lengthening the charging and 
melting period, while the blowing time remains nearly constant. 

The zinc elimination is slow until the temperature of the charge has been brought 
up to around 1050 to 1100°C. After reaching the required temperature, the elimina- 
tion of zinc proceeds at a fairly constant rate untU the zinc content of the slag is 
reduced to about 3 per cent, when there is a marked slowing down in the rate of 
reduction. From 80 to 85 per cent elimination of zinc in the slag can bo obtained 
within a 2-hr. blowing period, but this elimination may be increased to over 90 per 
cent by a longer blowing time. This, however, requires an excessive amount of coal 
for the amount of zinc eliminated and also reduces the capacity of the furnace. The 
most efficient period of blowing and the percentage of zinc recovery are determined 
by the operating conditions and by the value of the zinc recovered. 

The consumption of coal in the slag-treating furnace varies from 20 to 30 per cent 
of the weight of the slag treated when 10,000 B.t.u. coal is used. Air consumption 
averages about 8000 cu. ft. of free air per minute and is introduced into the furnace 
under a pressure of 14 lb. per sq. in. Most of the fume comes off during the early part 
of the blowing period. Fume produced at East Helena averages about 70 per cent 
zinc and 6 to 7 per cent lead. 
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PYROMETALLURGY OF ZINC‘ 

By W R Ingalls' 

Scope of Chapter — Mj contribution to the first edition of “Handbook of >,on 
ferrous Metallurgy edited by D M Liddell was written in 1025 which was just 
pnor to the general introduction of the process of preferential, or selective flotation 
w hich bj fine grinding made it possible to separate the constituent minerals of almost 
an} kind of mixed sulphide ore resulting m the bquidation of many great ore deposits 
previously not of commercial value and bringing to the metallurgists great supplies of 
very fine ore (so fine as to pass a 200-mesh screen) and introducing new problems in 
metallurgical treatment Furthermore, the efficiency of the flotation process was 
60 improved that the grade of the eoncertrates was raised to upward of 50 per rerl 
in zinc content, with less than 2 5 per cent inlead content, so that the zincmetaDurgists 
were no longer much coneemed oter lead recovery, delcadmg having then been done 
in the mills, where it could be done more efficiently than m the mctaUurgiCBl works 
The metallurgical problems were solved by the introduction of improved methods 
of handling dust catching aod roasting more particular!} desulphurization, ui 
which the introduction of the sintering process played an important part 

Tlie zinc smelters were thus constrained to modernize their plants in these wa}* ** 
at great cost Soon foUowmg such modernization came the introduction of the 
New Jersev Zinc Co s process of distilling continuously in vertical retorts and the 
continuous electrothetmic process of the St Joseph Lead Co 

further innoiations were the process of refining crude spelter by fractional dis- 
tillation imentcd and introduced by the New Jerse} Zinc Co , cnabhngtho distiller 
to produce zinc of 0 9999 fineness which was required m the die-castmg industn 
that had been growing by leaps and bounds, and which had previously been supplied 
by the e!ectrol}'tic zinc producers by eupcrrcfiDing of their solutions and the u^e of 
Bilicr lead anodes Another innovation in practice, although it was not new in coi 
ception w as the more general delinking of slags and retort residues b} burning the 
tine out of them either bj tbe N\aelz furnace or otherwise and returning the zinc 
oxide fume to further processing which made possible nearly 100 per cent extrac 
tion of the zinc from most ores although of course at additional cost 

Si^.e tbn 'JA ttowss. of. laawsw/.'AovA. voa A'ftVi’&’tvyN ksA sjiT'r.’te'l virtue 

of iniprovftnents but there has been no new plant of this t}pe built except Dumas in 
Texas The zmc-distilling plants of the United States using natural gas as fuel have 
survived contrar} to expectations 15 years ago but their fuel cost has inrreasod 
Vdditional zinc-emelting capacity during the last 15 }ears has been either through 
the continuous-distilling process or more importantly through further extenswR of 
the use of the elect rol} tic process The latter has been introduced in places as remote 
as Broken Hill m Northern Bhodesia at Hin lion in Manitoba and at Cerro do 

* Thu psprr ii s revision ol the nuthm a eontrtl ution to tbe Ilocky Jlountain i olumo ot ibe 
ran InalituU of Xt nine and Metalluraiesl rnanwm 

' Conaulliof enf near ^ew } ork. 
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Pasco, high in the Andes of Peru, under conditions where beneficiation by reduction 
and distilling would be unimaginable. At the present time, we do not foresee further 
e.xtension of the old process of zinc smelting, although we contemplate its survival. 

In yicw of these radical changes in the art, it appeared best not to undertake to 
revise the contribution of 1925, but rather to make use of my paper under the title of 
Intermittent Zinc Distilling from Ore that was published in the Rocky Mountain 
volume of the American Institute of Mining and Metallurgical Engineers. The 
privilege of free use of this copyrighted article was generously granted by the A.I.M.E. 

The article is now condensed somewhat and also amended it in such ways as 
have been necessary to bring it up to date. Moreover, the sections on continuous 
distilling and the processes broader in scope and defined as zinc burning are new. 

Some of the preliminarj' sections describing the travel of zinc ore up to and through 
the processes of desulphurization of course apply to the whole range of zinc pyro- 
metallurgy and also of its electrometallurgy. 

Unloading and Handling Concentrates. — The mUlman de-waters the flotation 
concentrate as much as possible, especially to save freight, but it comes to the metal- 
lurgist as a stiff mud contaming about 10 per cent water. In winter it may freeze 
in the railway cars, which may have to be passed through a thaw house in order to 
permit unloading. This may increase materially the cost of unloading as an annual 
average. In the Middle West a brick house accommodating two bo.\ cars will thaw 
their contents in 24 hr. with the use of 3000 lb. of coal. Under prewar conditions, 
unloading by hand cost about 12 to 13 cents per ton ; it was reduced to 6c. by mechani- 
cal iinloadcrs, and raised to 40o. when the ore came frozen, which in a year might 
bo to the extent of 10 per cent. 

Ore Storage. — Zinc metallurgists who operate plants in close proximity to their 
ore supply, especially if the latter is a single mine, require less storage capacity than 
those situated remotely from the ore supply, and especially those who receive ores 
from many sources. The arrangements for unloading ore, storing it, etc., are not 
essentially different from those obtaining in the metallurgy of copper and load. 
Whenever the desirability of a mixture is indicated, it is generally accomplished by 
drawing from separate bins. 

Drying. — ^Flotation concentrates, arri\'ing with about 10 per cent moisture, have 
to be dried and screened, and perhaps comminuted to break up lumps. In American 
practice revolving cylinders, internally heated, are used for drjdng. Plate driers of 
the Lowden type arc also used. For screening, the vibrating sieve is used. Dust 
loss and other difficulties arc obviated if the drying is performed only to reduce the 
moisture content to 3 or 4 per cent, in which condition the ore is easily handled, letting 
the drying bo finished by spreading the ore on top of the roasting furnace (see Chaps. 
II, III, and V). 

Roasting. — In .-Vmerican practice the Ropp mechanic.al furnace continues in use 
among the zinc smelters of the natural-gas fields. Among the zinc smelters which make 
sulphuric acid as a by-product there are sundvals of the Hcgcler furnace. However, 
in all the modernized plants the roasting is now done with circular furnaces of the 
McDougall type, such as the Wedge, Herreshoff, Skinner, and Warncr-Ingalls. 
These furnaces are built with he.arths of about 20 ft. diameter inside and 7 to 16 
hearths in height, the larger of these furnaces roasting as much as 50 tons per day to 
complete desulphurization (much more than that if the desulphurization is not carried 
down so far) and delivering gas containing 5 per cent sulphur dioxide. 

In Europe, furnaces of the McDougall t>-pc are also in use, but in general the 
European roasting is done in Spirlet (mechanical) and Delplace (hand-r.akcd) fumacc.s 
Their capacitie.s are relatively small, say around 10 tons per day, but their efficiencies 
in re.spert to fuel consumption, degree of desulphurization, and richness of sulphurous 
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gas are high, and they have been well adapted to European conditions, whereas thej 
were unsatisfactory when tned in the United States However, Bome of the more 
recent plants of Germany were implemented with furnaces of the ^IcDougall tj-pe 

Except for survivals of old construction, muffle furnaces have passed out of use 
m connection with blende roasting for sulphuric acid manufacture The control of 
the gases from furnaces of the McDougall type is so good that they go directly to the 
Glover towers without need for dispersing separately the combustion gas from 
carbonaceous fuel 

V* ith most of the modern roasting furnaces, coal consumption ranges from 20 to 
10 per cent of the weight of the raw ore, varying according to the type of furnace and 
the quahty of the coal The beat practice is nearer the lower figure than the higher 
Instead of coal, natural gas or petroleum may be used With petroleum as fuel 
roastmg maj be done with 12 gal per ton of ore, which would be equivalent to about 
ISO lb of coal or 0 per cent For the purpose of enriching the gas in sulphur dioxide 
and increasing production of sulphuric acid, brimstone is sometimes burned as a 
booster and plays the part of a fuel The brimstone may be burned m a kiln feeding 
its gas into the ore roaster or it may be burned in the roaster itself 

Most of the Ecveral furnaces of the McDougall type differ only m details such as 
design of the rabbles and rabbling arms, tbeir attachment to the central column, and 
the slope of the hearths The Wamer>lngaU3 furnace is distinguished bj having 
walls 18 in thick fiat horizontal hearths, complete curulation of the cooling air 
through the rabbling arms, utroduetion of the cooling air at the top of the shaft and 
discharge of it at the bottom (which is the reverse of the ordinary), transfer of the hot 
air from the cooling arras through pipes into the four lower hearths, and feedmg the 
ore through vertical drop pipes to a series of hearths m stages. Through these means 
for the conservation of heat, blende may be dead^roasted without the use of any 
eattaneoua fuel 

In all the modernized furnaces of the McDougall type, a great deal of the efflcieney 
IS realized from the burtimg of the ore as it showers from one hearth to the hearth 
next below This idea w as further developed at Trail B C , b> taking out the hearths 
of the IV edge furnace between the uppermost and the bottom and lettmg the ore 
shower down This is now described as shower roasting or flash roastmg It has 
the advantages of immensely increasing capacity, ehroinatmg the costly mamtcnance 
of stirring mechanism and otherwise reducing costs These advantages are penal 
ized by a large escape of dust from the furnace with the necessity for providiog 
enlarged means for its collection and re-tieatment 

At Avonmoutb m Great Bntain, desulphurization is accomplished by making 
repeated passes of raw ore over a vciy large sintering machine 

In modem zinc metallurgical practice, blende roastmg is done with the furnaces 
and adaptations of them already described Many of the varieties of roastmg fur 
naces formerly described are now obsolete although survivals are still to be found m 
use in the older plants The important thing is that blende roastmg has been made 
autogenous, i e the heat of desulphurization is caused to do the work, and even with 
realization of a surplus of heat that may be utilized otherwise 

Uhe modern furnaces of the hIcDougall type are economical of labor and fuel 
but require considerable cast iron and fenochrome in the upkeep and replacement 
of their etirring arms and rabbles In drad roasting for subrequent zinc distUlation, 
the use of iron and ferroalloy may be as much as 2 lb per ton of ore roasted, about 
half as cast non and half as f errochrome Operating labor may be 0 10 to 0 22 raan 
days and use of power, 13 to 15 kw hr In roastmg as a prelunmary to electrolytic 
extraction, the temperature is lower and the requirements for iron are less In s 
record of 100,000 tons of ore roasted, the use of cast iron per ton of ore was 0 33 lb 
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and of ferrochrome only 0.026 lb. In shower roasting all these quotients are reduced 
at the expense of increased cost of dust collecting. 

Sintering. — In the majority of plants treating sulphide concentrates, both in 
Europe and America, the ore is sintered preliminary to distilling. This is done for 
the sake of better desulphurization, which may be carried as low as 0.25 per cent 
sulphur, and for the sake of improved results in distilling, which follow principally 
from (1) the better desulphurization and (2) betterment of reduction. This improve- 
ment may have been of the order of 4 per cent; I'.e., recoverj' of zinc may be raised 
from 86 to 90 per cent with reference to the same ore and same practice. However, 
this is not to be interpreted as a broad generalization; for a plant that -was already 
enjoying good roasting would naturally experience less improvement by virtue of 
sulphur elimination than a plant in which the roasting was not so good. In general, 
we had confirmation of the classic theory that one unit of sulphur holds back two 
units of zinc. 

On the other hand, the introduction of sintering carried with it some penalties. 
It introduced another process, involving the use of hea^T machinery requiring atten- 
tion, power for driving, and upkeep. It introduced also a new outlet through which 
zinc might escape. However, the total loss of zinc in roasting plus sintering may bo 
as low as 0.5 per cent. In general, it will probably be somewhat higher than 
that. 

In sintering there are two major practices of general use, and two more that are 
of special use, i.c., employed in single plants or by single operators. The major 
processes are the original Rigg method, in which the ore is preroasted down to about 
9 to 10 per cent sulphur and is then sintered. In the United States this is used only 
at Bartlesville. The other process is the Baelen method, in which the ore is dead- 
roasted, or nearly so, and then is sintered with admixture of 4 to 6 per cent carbon. 

In both these processes the gas that is drawn off from the wind boxes was originally 
so low in sulphur dioxide as to be useless for manufacture of sulphuric acid, and with 
the Rigg method there was consequently a considerable loss of sulphur. At Avon- 
mouth, however, by the use a special seal (1928) covering the joint between the pallets 
and the wind boxes, dilution was reduced and gas of sufficiently good strength for 
sulphuric acid manufacture was obtained. This w’as improved elsewhere by making 
the pallets slide on a well-greased track, mechanically oiled. 

The two special processes arc those that arc used at Avonmouth and at Ovcrpelt. 
At Avonmouth, raw ore is desulphurized and sintered b 3 ’' repeated passes, to which 
reference has been made herein under Roasting. 

In the Overpelt process the ore is preroasted down to 5 to 7 per cent sulphur and 
is then moistened with water to which a small proportion of ferrous sulphate is added. 
The mixture is kneaded and e.xtruded as threads about 4 mm. in diameter and 20 mm. 
long. After drying, these threads are delivered to the sintering machine, which 
is able to take a bed about 20 in. deep — manifestlj' much more than can bo charged 
with fine ore. The purpose of the Ovcrpelt process is obviouslj' to increase the 
porosity of the bed. The sintering is so c.\peditcd that the production of 213 lb. of 
sinter per square foot of useful grate area per hour is realized. Desulphurization is 
carried to less than 1 per cent total sulphur, and a gas containing 5 to 5.5 per cent 
sulphur dioxide is obtained and used for making acid. 

In tlic United States the only sintering apparatus used is the Dwight-Lloyd 
straight-line machine, which functions like an endless belt, the pallets dumping at 
one end. In Europe the Dwight-Llo\'d straight-line machine is used cxtcnsivclj% 
but there Ls also a considerable use of the Schlippcnbach, an annular machine, in 
which the pallets move in a liorizontal plane above a ring of wind boxes and trip foi 
their discharge in a blank segment. 
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There are some differences in control of the operation Some metallurgists prefer 
to produce a hard porous smter, xvhile others prefer a soft friable sinter This means 
that m one instance the ore is more ertenstvdy fritted than m the other, and of 
course the nature of the gangue of the ore has a good deal to do with this There 
are also differences m practice in respect to the d^ree of crushing the sintered cakes, 
the carefulness of sizing, the return of fines, ete Reduction of cadmium, volatiliza- 
tion, and loss of it ob-v lously occur By the addition of salt to the charge, lead may be 
chlondized and volatilized, the ore being thus purified Such modifications have been 
the subjects of patents Reference may be made to the following chapter on Cadmium, 
page 469 

Dust Collecting — In roasting with roultiple-hearth furnaces of the McDougall 
tiTie the escape of dust attains large proportions, and with flotation concentrates it 
inaj rise to 8 to 10 per cent of the weight of the raw ore charged Tlie dusty gas 
escaping from the furnace is commonly led through a brick chamber in which a good 
deal of the dust, perhaps 50 per cent, settles by gravity, and thence through a Cottrell 
precipitator designed for hot gaa, for of course the clarified gas must reach the Glover 
tower at a temperature high enough for it to function properly for sulphuric acid 
manufacture 

In a few plants, dust collection is effected by means of improved Siroccos, which 
are highly efficient as dust eollectors from cool gas but m the course of time operate 
with unpaired efficiency on hot gas conlaiDiog lead fume > evertheless, chamber 
acid has been made successfully with no other means of dust removal 

In coaeting a blende containing cadmium and lead, a large part of the fonoer and a 
considerable part of the latter are volatilised and recaptured is dust and fume In 
roaatuig an ore containing 0 25 per cent cadmium, the cadmium may commonly be 
recaptured in the fiue dust up to a tenor of 4 per cent, ail of it as water-soluble sulphate 
Lead is precipitated m the Cottrell fume as sulphate These products ma} become 
sources of cadmium and lead, respectively, as by producta 

Conveying, Cooling, and Mmag — The calcines discharged from the roasters are 
conveyed aw ay mechanicallj by closed conveyers, good forms of which are the Jacoby, 
the well known endless screw, and Uie push-plate The calcines may be discharged 
into a cooler a long cjlmder revolving in a tank of water, m which their temperature 
maybe so reduced that they may be safely dumped into the bins or tanks from which 
the sintering plant is fed Up to, and through, the sintering plant all operations arc 
performed in enclosures within which dust is confined or from which escaping dust 
may be recaptured 

The calcined or sintered ore, crushed and screened, is mixed with the desired 
proportion of reducing carbon and perhaps the addition of about 1 per cent of sodium 
chloride The function of the latter and the practice m respect of it w lU be discussed 
later For reducing coal a good many materials are employed, largely according to 
availability and cost, e g , anthracite fines or duff, coke breeze, a mixture of coke 
breeze and slack coal Major considerations ate not to have too much volatile matter, 
the minimum of ash, and the mmimum of sulphur As a reducing agent there is 
some difference m the activity of certain carbons Charcoal would theoretically 
be the best 

Reducing coal performs the double function of reducing zinc oxide and also acting 
as a sponge to bold up molten slags and so protect the retorts In most American 
works, the amount of reducing coal used is now 30 per cent or less It used to be 
as high as 45 per cent or more In speaking of these percentages, we always mean 
the wet weight of the material rather than the dry weight of its carbon 

The mixing is done mechanically, m substantially the same way as the mixwg o 
"concrete The same type of machine is employed for both In American practice 
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the mixture is deposited in cars that are trammed to the furnaces, from which it is 
shoveled directlj^ into the retorts. In some European practice the charge is deposited 
on the floor immediately in front of the furnace, and if blue powder and other between 
products are going to be mixed wth it that is about the only way to proceed. With 
mechanical mixing the responsibility of the mix-room foreman is great, for thorotigh 
mixing is important. Even after that has been accomplished there is the possibilitj' 
of resogregation in subsequent handling, considering that the mixture is composed of 
materials of quite different specific gravity. 

Distilling. — In general practice all over the world distilling is performed in a cycle 
of 24 hr., of which the maneuver (the operations of drawing spent residue, scraping 
of condensers, recharging, replacing condensers, replacing broken retorts, etc.) occupies 
5 to 2 hr., the latter being exceptional^’' low, and 4 hr. being about the lowest of good 
practice in general. After gas has been turned on, about 2 hr. is required for the 
performance of preliminary reactions, following -ndiich the condenser flames become 
purple and then begin to show tinges of green from burning zinc. The time of active 
distillation is therefore about 18 hr.; the first quarter is a waxing period and the last 
quarter is a waning period. Manifestly, tlie greater the celeritj’ of performing the 
maneuver, the longer is the period of active distilling, but of course the temperature 
gradient is an important correlative factor in all this. The cycle might be prolonged 
from 24 hr. to 30, 32, 36, or 48, and improved recovery with less breakage of retorts 
may be obtained, but 'u'ith some increase in costs and with ingenuity in the arrange- 
ment of human attention. All these cycles have been tried tentatively, especially 
in plants in Oklahoma, and at present at least tw'o plants are operated on a 48-hr. 
cycle. 

The smelteries of Oklahoma operating on a 48-hr. cycle have raised their percentage 
of zinc extraction from about 90 to about 94, computed on the basis of the zinc con- 
tent of sintered ore entering into the charge for distilling. This improvement is 
accomplished at some increase in cost for labor and fuel, but not so much as to prevent 
a net gain from the operation. The improvement in zinc recovery is ascribable to 
bolter condensation, resulting from the slower and more regular deliverj' of zinc 
vapor from the retort, thus ameliorating the bad proportions between retorts and 
condensers that are inherent in the American type of Belgian furnace and 
also the absence of prolongs, the use of which our labor conditions do not 
permit. The cost of fuel per ton of ore increases only moderately, owing to the lower 
furnace temperature. Gas per ton of ore for 48 hr. is about 1.3 times 'what it is for 
24. The cost of labor also increases only moderately, because in the intenmls between 
the maneuvers (every other day), there is on duty only a metal draw’cr, and in firing 
with natural gas (as in Oklahoma) the labor of attending to furnace temperature is 
but slight. Finally, if a plant has a surplus of furnaces, its capacity is not diminished 
by using them in this way. Except under such special conditions, the 4S-hr. cycle 
docs not appear to commend itself. 

Furnaces. — With but few exceptions the zinc-distilling furnaces of the w'orld arc 
now gas-fircd and hcat-rocuporative in one way or another. Gas is derived from 
gazogenes, which are installed in batteries near the furnaces, or perhaps in a central 
jilant from which it is piped to all furnaces. The gazogenes, or producers, themselves 
are of standard types, and as they are emploj’cd in great variety they need not be 
ilescribcd here, nor even mentioned. Palmcrton to a considerable e.vtent employs 
gas from its spicgcloiscn blast furnaces, and lloslta has used coke-oven gas, both of 
which come to the same thing as a central plant. In the American Southwest, 
natunil gas is employed. Distilling furnaces have been fired 'with petroleum and with 
eo.al dust, but those have not been common practices and arc of interest only ns 
precedents. 
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Except for our Araencan natural gas fired furnaces, almost all distilling furnaces 
are heat recuperative, indirectly if not directly The Hegeler furnaces of the United 
States dehver their products of combustion through waste-heat boilers for generating 
the steam required m the plant, and the credit for that reduces the furnace quotient 
to a reasonable figure, perhaps as low as 1 ton of coal per ton of ore The steam 
generation is usually short of the plant requirement for power and may have to be 
boosted by accessory coal dust firing Steam boilers may follow regenerative furnaces 
but that IS unusual and ought not to be necessary if the eheckerworks are of adequate 
capacity, which is not always true Of the truly recuperative furnaces, the con 
tmuous countercurrent system has surrendered to the alternating reversing, or Sie- 
mens, s>stem 

Of the reversing regenerative furnaces there are several major types, but their 
number is not large in respect to differences of principle In one major tjpe there 
are four eheckerworks, two for air and two for gas In another major type there are 
only two eheckerworks which are only for preheating air and the gas producers are 
then preferentially put close to their furnace eo as to deliver the gas with ns much as 
possible of its initial heat On the basis of these fundamental differences, furnaces 
will be distinguished according to the movement of the gas currents mthm their 
combustion chambers 

The onginal Siemens furnace (known as the Auby furnace) ha« four eheckerworks, 
and the gas and air issuing from tbeir ports rise and descend alternately over a middle 
wall Furnaces of this tjpe are used at Rose Lake (Fairmont City) and Falmerton 
in the United States, at Stolberg (Birkengang works) and elsewhere in Europe 
indeed, quite generally in Germany The Welser furnace has four eheckerworks 
from whtch the gas and au reverse in alternate directions This furnace la used st 
Overpelt and Lommel, m Belgium, at Uethemannhuette in Upper Silesia and else- 
where The Tamer furnace that was developed at Sclaigneaux is a modification 
of the Welzcf and is used extensively at other plants m Belgium and m the north of 
France The Van Quick furnace has cbeckerwerka for pxeheatmg air only The 
gas and air reverse over a middle wall os m the Auby furnace The Van Quick 
furnace is used at Avonmoi th and at Swansea and formerly at Mortagne 

The Dor Delattre furnace, which was developed at Budel, also has eheckerworks 
only for preheating air It is distinguished from all other distilling furnaces Instead 
of having the eheckerworks in the intcnor structure, the Dor Delattre has them at the 
end of the superior structure and conveys the gas and air through longitudinal canals 
above the combustion chamber instead of beneath it In the Berzelius works at 
Duisburg the furnaces are of sunilar design Asturienne has Dor Delattre furnaces 
at Auby and at Aviles (Spam), and when VieiUe Montagne rebuilt F16ne and Valentin 
Cocq It adopted this form of furnace The Dor Delattre design permits the checker 
works to be built of adequate capacity, only at the expense of floor space, whereas 
when they are built in the lower part of the furnace, they are subject to certain 
limitations and frequently are not made large enough The Dor-Delattre system 
may have some other advantages 

Except the Dor-Delattre furnace, all the regeaerativ e distilling furnaces have their 
eheckerworks in then substnicluTc As to their superstructure il is now difficult to 
classify sharply betw een the Belgian and the Rhenish type, for whereas some furnaces 
exist in their purity, there are many that share the cbaractenstica of both types 
The Rhenish furnaces of Europe have commonly 216 to 288 retorts of 2 to 3 cu ft 
mtemal volume, arranged in three rows, the two fronts being divided into closets 
each contammg the condensers of two retorts The Belgian furnace has retorts of 
smaller volume, s&y 15to22ca It, and more of them, Che Dor-Delatfre has 432, 
arranged in slx rows but five-row furnaces ate more common In the United States 
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our Hegeler furnaces have commonly 608 retorts in four rows. The Neureuther- 
Siemens furnaces have commonly 800 retorts in five rows. In general, the tendency 
in the United States has been to reduce the number of rows to four, especially in the 
Hegeler and natural-gas-fired furnaces. American metallurgists generally stick to 
the c 3 dindrical retort, but some have adopted retorts of elliptical cross section, and 
in certain instances their axes are as large as those of the Rhenish retort. In all 
American furnaces the inner ends of the retorts rest on ledges projecting from the 
middle wall. Such construction also obtains extensively in Europe, but with the pure 
Rhenish furnaces there is no middle wall, the arch springing from face to face, while the 
inner ends of the retorts rest on the ledges of a perforated wall or banquette, which with 
retorts of great length, up to 72 in., and even 78 in., when an intermediate support of 
the same nature is provided. In American practice, retorts longer than 54 in. are 
seldom to be observed, although we do go up to 60 in. 

Even with the purely Belgian furnaces the devanture (the front structure) is deeper 
in Belgium than in America, f.e., the condensers do not stick out so far beyond the 
plane of the face of the furnace. The Dor-Delattre furnace has a shield that can be 
pulled up or down, more or less like a Venetian blind, protecting the front of the fur- 
nace against drafts of air. The same thing w’as in the m’md of E. C. Hegeler when he 
surrounded his entire furnace with a curtain of sheet iron, which also is to be seen at 
Danville. The Rhenish furnaces usuallj' have hoods extending along each front of 
the furnace, connecting wdth a main, through which noxious gas and fume are drawn 
off. Escaping zinc oxide, chloride, etc., maj' be recovered from this system, but trials 
in the way* of doing so have demonstrated that it is not worth while. The prolongs 
themselves are effective collectors. From a European sine distillery' there does not 
hang the great cloud of white smoko that hovers over many American plants. 

The essential requirements of a distilling furnace are economy of fuel, uniformity' of 
temperature, and such arrangement of inlets and outlets for gas, air, and combustion 
products that they do not become clogged with dripping slag, dust, etc. Economy' 
of fuel results from the proper proportion of retort space to combustion chamber, 
and of checkerworks, together with avoidance of excess of secondary' air. Uni- 
formity' of temperature is accomplished by' the proper distribution of combustion and 
restriction of the alternating travel of the burning gas. In any' reversing regenerative 
furnace, whether the currents are up and down, down and up, or end to end, there 
will be a neutral zone midway', where the furnace temperature will he slightly' inferior. 
In the old Siemens furnace this zone will be above the middle wall, where there may' 
bo a fall of 50°C. in the furnace temperature. The metallurgist aims to achieve an 
even glow of white heat throughout the combustion chamber. In furnaces of the 
Wolzer type (end-to-end reversal) the neutral zone is probably' reduced to the mini- 
mum, for the gas and air enter alternately through ports almost up to the median 
tran.svcrsc line. 

Plant Layout. — Modern zinc-distilling furnaces are built entirely above ground, 
except for their foundations, and are attended from the upper floor. The residues 
drop into side pockets, from which they slide into cars to be trammed away. Some- 
times a mechanical conveyer is provided for that purpose. American furnaces ot 
the Hegeler type and those in the natural-gas fields still have ash tunnels under them 
through which residues arc removed. 

In European plants the furnaces are commonly lined up end to end with the 
retort-tempering ovens between them, several furnaces being grouped in a hall. 
Such a layout exists at Palmcrton, but elsewhere in the United States the furnaces 
are laid out in parallel, each in its own house, except in the natural-gas fields, where 
there arc two per house. In the vernacular of those districts, the separate furnaces 
arc called “stoves,” a pair of them still being regarded as a “block.” 
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Most zmc-'mclting plants having been evolutionary, there are to be obser\ed m 
them unbalances among functional departments and irregularities in equipment, 
such asfumacea of different l>'pcs, different sues <rf the same type, and different forms 
and sires of retorts in the same furnace Sometimes metallurgists consider that 
they have good reasons for rariation3,»e ,elbptical retorts in the lower three rows and 
cjlindncal in the upper two may be held adtantageous for certain lumaces and 
certain ores The ideal plant has all functions in balance jn multiples of two and all 
parts alike in each department Thus, there ma 5 be four roaster*, four acid S 3 'stems 
two einterera and eight distillers, with no bottlenecks among the 8e\eral departments 

Retorts and Condensers — ^Tbe essential features of the process of disliUtng in 
the intermittent wai are the retorts and condensers, which are made m a separate 
factor} of the plant that in the American vernacular i® called the ' pottery ’ From 
this the retorts after seasoning (dr>jng) are delivered to the distilling furnaces day 
by da} as required and after tempering in a near b} kiln, where they are brought 
slow ly up to the bright red heat or as nearl} to furnace temperature as possible, 
they are drawn out for making replacements in the furnace 

Tlie batch for making retorts is a mature of burnt cla} {chamotte, grog) coarsely 
crushed and of raw fat cla} \n proportions of 50 50 to 60 40 The chamotte forms 
the skeleton of the concrete and the plastic raw clay is the binder The more cha- 
motte, the stronger is the retort, the mote fine clay, the less porous is it A ph} sical 
balance has to be struck There are also chemical considerations insofar as the 
character and composition of the clays, together mth other materials may be adjusted 
to the character of the gangue of the ore, from which slags will result If the gangue 
IS siliceous, the retort should also be strongly siLccous, if the gangue is basic, either 
from iron or lime or both, the retort should be aluminous or inert 

In accomplishing such purpo'es, substitutions for parts of the chamotte and cby 
arc made A common substitution almost everywhere in Europe is the introduction 
of coke dust, which should be as fine as possible, to the extent of 10 or 16 per cent 
but in Anienca this is acarcel} ever used The coke dust tends to gi'* Ibe retort 
somew hat of the qualities of a graphite crucible Another substitution is the introdue 
lion of some granular quartz, for the purpose of making the retort more siliceous 
Howeier, inasmuch as quartz has a higher coefficient of expansion than clay, the 
grams of it tend to ha\c a rupturing effect when the retort is heated This is counter 
actPtl by adding the silica in the form of flour, which during recent years his been 
widely adopted in American practice A mixture might be, for example, 2o per cent 
chamoltc, 25 per cent silica flour, and 50 per cent clay Such retorts have doneiery 
w ell w ith siliceous Joplm ore Another innovatioa has been the use of carborundum 
retorts, e ^ , 65 per cent carborundum and 35 per cent clay , which has occurred both 
in Europe and America and has offered the theoretical adiantages of better best 
conductivity and long life With the retort of unebang*^ diameter other conditions 
remaining the same, the better conductivity may increase zinc recoi cry by 2 per 
cent, or the diameter of the retort may be increased (as at Amarillo and Rosila) and 
heavier charging may be accomplished with undiminished zinc recovery Thel'lc 
of the retorts may be tripled With ferruginous orea and furnaces fired with pro- 
ducer gas, however, ventures with carborundum retorts m some instances have 
been quite dissstrous, the retorts suffering corrosion from the outside as w cll ns from 
the inside Naturally, the carborundum retorts are much more costly than the clai 
retorts Tho carborundum retort is therefora a utensU of occasional rather than of 
general use 

With all tyTies of retorts, it is obvious that the thmner the wall, the better the 
conductivity Practice luw everywhere for a l«ig time seUlod on a wall tlueknrtw of 
slwut 1 m and a butt thickness of about 2 in As among the ordinary day retorts 
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the graphitized retort, and the silica-flour retort, there does not seem to be an 3 ' material 
clifTcrence in conductivity as determined bjf pyrometric obsenmtions or in the waj' of 
zinc recoverj’’ apart from the matter of breakage. 

In cross section and dimensions the retorts that are used at present are of wide 
variety. The commonest form of the Belgian retort is circular, 7H to 8 in. in diam- 
eter. Extensivelj’’ used also are retorts of elliptical cross section. While we so 
describe them, they are really two half-circles joined by a rectangle, which gives them 
straicht sides. Dimensions may range from 6)4 to 7J4 in. for the short a.vis (width) 
and 9 to 12 in. for the long axis (height). As a general principle, reduction in width 
improves penetration of heat, reduces retention of zinc in the residue, and improves 
recover}'. Height is not a factor in this. Reducing the width of a retort from 8J^ to 
8 in. brings about a striking improvement, from 8 to 7)/2 further improvement, but 
not so strong, from 7K to 7 and from 7 to still further improvement, but at 
diminishing rates. In going below 7 in., there is increased difficulty in charging. 

Besides the circular and elliptical cross section there are also the muffle-shaped 
(not much in use now) and the oblong (with rounded edges), the latter to be much 
commended. Different forms and dimensions may be produced by simply changing 
the die of the press. 

In length, inside dimensions, retorts run generally from 48 to 72 in. In European 
practice they are longer than in American, for we seldom go beyond 54 in. The ability 
to charge well and mechanical strength are of course governing factors. We may 
consider the retort as a hollow beam, constructed of fragile material, supported at 
each end and carrying a uniformly distributed load of perhaps 250 lb. at temperature 
of perhaps ISOO'^C. 

The cross section of the retort and its length compound into cubic measure, or 
internal volume or capacity. In use in the United States arc retorts ranging from 
1.0 cu. ft. (old) to 2.2 cu. ft. In Europe in some Rhenish furnaces they are of 3 cu. 
ft. In general there has been in recent years a tendency to increase volume for the 
sake of increased charging. Retorts 1.9 m., or 76 in., in length arc on record. 

In all modern plants the retorts are molded under a pre.ssure of about 150 atm. 
by means of the IMehler or Dor-Delattre hydraulic presses, which are improvements 
of the original Dor press. The molded retorts are transferred to the drying rooms, 
where they season by gradual loss of .their water. As freshly molded, they contain 
12 to 15 per cent water and arc introduced into the drying rooms at a temperature 
of 60 to 70°F. With a gradual rise in temperature after the first 15 days, their water 
content will have been reduced to about 2.5 per cent at the end of 30 days, to about 
1 per cent at the end of 60 days, and to about 0.3 per cent at the end of 90 days, the 
temperature being gradually elevated to something like 130°F. 

Practice varies in respect to the speed and duration of dr}'ing. Some metallurgists 
use their retorts after a month of drying, while others insist on 3 months, or 4 months, 
with a slow increase of temperature. There arc records of substantial increases in 
retort life ns a consequence of care and patience in this particular. At the best, a 
retort of clay or other refractor}' material is an imperfect vessel, being subject to 
porosity, to microscopic cracks, and to differences in strength when regarded as a 
beam. Retorts may be tested by closing them with an airtight cover, pumping air 
into them under pressure, ns into an automobile tube, and painting the exterior with 
a solution of soap. Loss of prcssiire, which is always rapid, correlates with develop- 
ment of soap bubbles on the exterior, which arc uniform if the retort is homogeneous, 
but irregular if there are microscopic rents, which let the air out very quickly. In 
order to counteract porosity, the retorts in European practice arc commonly dressed 
inside and out with a slurry of powdered glass and soda, or similar composition which 
upon burning glazes the retort. Such glazing is seldom done in iVmerican practice. 
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In pugging the mixture of refractory matenals and cutting it up into blocks for 
introduction into the press, care js taken to sroid trapping air or to allcrw fonts escape 
before pressing Otherwise, it maj be entrained in the molded retort, and may e\ en 
appear as blisters impairing the quality of the retort At Donora, the Itettengel 
pug mill has been modified by mterpolatmg a vacuum chamber between the com 
pression zone and the extrusion barrel and thus de*aerating Tins has been found 
to increase the mechanical strength of the retort, increase its density, reduce drjing 
tune, and increase life in furnace, at an munatenal increase in costs for the power 
requirements for the vacuum pump 

Condensers are made from mixturea of clay as for retorts, but inferior grades arc 
used and old retorts, cleaned of slag and crushed often take the place of chamotte 
In the United States most condensers are of the simple conical form and are made 
by a machine that forces a conical mandril into a conical mold containing the requisite 
quantity of clay A belly may be produced in the tube by cuttmg out a gore from 
the larger end and drawing the two sides together, which, of course, is handwork 
Condensers have been made by machine molding with a diameter at the large end 
that is greater than the interior diameter of the retort to which it is to fit it is reduced 
to fit by mi ertmg the molded condenser into a conical ring, w hich is called "crunpmg " 
This produces a bottle~shaped condenser and may increase the interior area from 300 
sq m to about 360 Many different shapes of condensers have been, and arc now, 
used The more complicated they become, the more handwork is required The old 
tlhenish condenser was a substantially rectangular tube, rounded at the top The 
Dagner condenser, used in Upper Silesia, is a composition of rectangular tubes 

la length the Belgian condensers vary from IS to 24 ut , while the Rhenuh and 
Silesian condensers were about 36 m long Recently, some of the Belgian metal 
lurgists have increased the length of their condensers, even to as much as 86 m This 
subject 13 complicated and will best be discussed fuithei on when furnace operation 
IS considered 

Condensers are sometimes burned prior to use and sometimes are used unbumed 
Cither way the breakage of them is large, and as will be seen subsequently, this is a 
very important matter The breakage w partly mechanical, from careless handling, 
and partly chemical The latter is evinced b> splits occurring while the condenser 
13 m place and not bemg handled, such as a longitudinal rent or a rmg rent that may 
let the no«e fall off Specks of iron oxides in the clay and the action of hot tatbon 
monoxide may have sometbmg to do with this 

Coal Consumption — The records are generally not comparable, for they fail to 
take mto account the value of the coal, the grade of the ore, and other variables, 
among which are both the t> pe of furoace and Uio proportions of the furnace The 
thermal efficiency of the best furnace is so low that large changes m the charging may 
be maila wvfiA'ifi '^amA’A '5 tf, vtnk WTeAri ’cv ‘Aa b'lt p-eallv 

altering the quotient of pounds of co^ per ton of ore Tbe temperature of the prod 
ucts of combustion escaping from s regenerative furnace to the chimney is not even 
a true gauge, for though a temperature of 300“C looks good the volume of the wasting 
gases may be too high, which it always will be if the excess of secondary air is too 
great 

Our practical deductions therefore are quite empirical A Hegeler furnace dis- 
tilling ore of 70 per cent grade mth gas produced from coal of 13,000 B t u maf 
give a figure of IH ton per ton of ore, which with a steam credit of one third may h® 
reduced to 1 ton net On the same grade of ore a regenerative furnace uith coal of 
12,000 B t u may give a quotient of 1 1 ton which perhaps might be reduced bj 
heavicT charging V. ith the best regenerative furnaces and tbe best practice, ccmsI 
quotients of 0 9 and 0 8 are rather common One furnace is known that with coal 
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of 13,000 B.t.u. used on.b’" 0.72 over a month. These figures are verj' different from 
tliose of the old direct^fired furnaces that used to consume 3 or 4 tons of coal per ton 
of ore. However, when we look at the New Jersey continuous furnace and see 
quotients like 0.5, we are conscious that we still have some distance to go. We should 
not overlook that in intermittent distilling there ls a period of 6 hr. or so, including the 
time of the maneuver, when the furnace has to be kept hot without doing any directly 
useful work, whereof 0.8 ton in one case and 0.5 in the other are not perhaps very 
much out of harmony.' We may also be cognizant that the intermittent furnace, 
having to rework a large proportion of intermediate products, is required to do the 
same work twice over. 

Reduction and Condensation. — The zinc oxide of some ores reduces more easily 
than that of other ores. One of the advantages of sintering has been improvement in 
that respect. The activity of the carbon employed as reducing agent also plays a 
role. Apart from such differences, the controlling factors in reduction are tempera- 
ture and time, which are correlative. Time may be increased by shortening the 
maneuver or c.xtcnding the cycle to something more than 24 hr. Temperature is 
limited by the durability of the retorts and the stability of the furnace. In European 
practice there are maximum temperatures of 1400 to 1500°C. ; in American practice, 
1300 to 1400°, but rarely as high as the latter. These are temperatures in the com- 
bustion chamber; inside a clay retort with a 1-in. wall the temperature will be 100 
to 200° lower. The front ends of the retorts, resting on shelves, will not bo so hot as 
further in, consequently there will be poorly reduced ore in that place. Carborundum 
retorts, because of their superior conductivity, run hotter toward the front than do 
clay retorts. 

When the reduction of zinc begins and the vapor starts to come over, the prelimi- 
nary reactions have not been fully completed and the gas is high m carbon dioxide, 
which as the temperature falls in the condenser acts oxidizingly on the droplets 
of zinc and produces blue powder, from which we are never entirely immune, 
although in the course of time the gas discharges with onb’’ about 1 per cent carbon 
dio.xide. The blue powder, which to the naked ej’e is merely an impalpable dust, 
rcallj' is composed of microscopic globules, which show frostings and sproutings of 
zinc oxide that prevent the globules from coalescing. Amelioration of this is the 
rationale of the addition of about 1 per cent of sodium chloride to the ore. Volatiliz- 
ing it is intended to dissolve the zinc oxide as chloride or ox 3 'chlorjde and so clean 
the pellicles of zinc and allow them to melt doum. Probablj’ that occurs. Anjuvay 
zinc chloride is found in the prolong dust. This spells a loss of zinc, though perhaps 
no more than will be suffered in redistilling a larger quantity of dust. At all events, 
the addition of sodium chloride to the ore is not essential and in some practice has 
been abandoned. In the absence of salt, the condenser flame is of course deprived 
of the sodium coloration, which is a guide to old-time fumacemen. 

The observation may be made that in American practice it is common to "stuff” 
the condensers, f.c., partlj' to close their outlet, allowing the gas to escape through a 
small hole, which is kept open bj- constant “spie.ssing.” This gives a certain internal 
pressure in the retort and condenser, and if this becomes too much, through inatten- 
tion, the gas and vapor ma.v break out through the luting around the joint between 
condenser and retort. When prolongs arc used on the condensers, thej- are open. If 
the prolong is on tightlj’, the gas escapes through onty the small hole near its end. 

A logical condenser is a long pipe folded in zigzag and enclosed in a closet whose 
temperature can be controlled, as in the Dagncr condenser of the Silesian furnace, 
but this is not easily applicable to a furnace of more than one row of retorts or to the 

* In xi^inc this illustrative quotient for the continuous furnace, I have in mind data prior to utiliza- 
tion of the Ka» cscTpinc from the condenser. 
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practice of dad} taking down and patting up The Belgian and Rhenish furnaces 
with conden'ers registering with the retorts are restricted m length by thermal condi- 
tions, ishich IS not, perliaps, of great importance inasmuch a*" lengthening may not 
add much to internal superficial area, and increase in girth is restricted by lack of 
room and difficulty u\ getting at the joint for luting, etc 

As the internal \ olume of the retort is increased and the density of charging is al«o 
increased, there should be a corres.pondmg increase in the capacity of the condensers 
Wth a retort of 1 75 cu ft , the condenser may have 300 sq m of internal surface 
With a retort of 2 cu ft the interna] area of the condenser may be 400 sq in The 
latter is about a practicable limit These are only rough guides The correlation 
between volume of retort and condenser surface is naturally affected bj the quantity 
of zinc that is charged into the retort and the evenness m distilling it 

Charging — The practice of keeping up the condensers and charging through them 
by spoon prevailed extensively m Europe until recently, but most works have gone 
over to the Belgian practices of making a condenser that fits the retort, taking it down 
and putting it up every day and filling the retort by throwing m the charge 

The charger has one of the very responsible positions His work la arduous The 
idea of substituting niechanical charging for hand charging has consequently been 
engagmg Numerous mechanical chargers have been designed and applied on a 
regular working scale These may be generalized as shngers and shooters, the former 
being designed to throw in the charge and the latter to shoot it in 

In general, tbo conclusion has been that with mechanical chargers there is nc 
material gam either in labor saving or m efficiency of performance, and that when 
first cost, upkeep, etc arc considered, they are not worth while At Hothem (in 
Belgium), however, the Dor Delaltre charger, whicb shoots in the charge, continued 
m regular use for a good many years It put 13 000 lb of ore into 210 retorts in 20 
mm , and reduced the total time of the maneuver to 2 hr , leaving 22 hr for dutillmg 
Density of Charguig — Much attention bos been given to increasing the densitv 
of the charge, which means increasing the number of pounds of ore introduced per 
cubic foot of retort volume Accomplishment of improvement in this direction 
depends on several factors, among which are (1) the specific gravity of the ore, (2) 
proportion of reduction material mixed with the ore, for obviously the less reduction 
material, the more room there will be for the ore (3) care with which the charge is 
throv>ii in, avoiding cavities, and (4) force with which the charge is thrown in An 
export charger can throw a shovelful of charge into the retort with such force as to 
break its butt A mcehanica] charger can put a quantity of ore into a given retort 
that in comparison n ith the best hand-chargmg is almost unbelievable, and can do it 
BO densely that a strong man is unable to drive in the spicss rod Such excessive 
density of charging may introduce more zinc into the retort than, after reiiuction and 
vaponzmg, the condensers arc able to handle, therefore recovery of zme niaj he 
impaired rather than improved Up to this critical point, however, mcrease in 
density of charging is beneficial from the standpoint of metallurgical reactions la the 
same wav that a briquetted charge may be beneficial 

In American practice, charging sinlered ore weighing about 105 lb per cu ft, 
mixed with 30 per cent of reduction coal, w et weight, about 55 lb of ore per cu ft , 
or 110 lb in a retort of 2 cu ft capacity, m charged, here and there that figure is 
exceeded 

Furnace Chargmg —Although density of charging per retort has a good deal to 
do with the chargmg of the furnace a» a whole, the subjects are tno different things, 
although this ix commonly overlooked, and the two expressions arc commonly con- 
fused The zme that is reduced and vaporized is not wholly condensed directiv as 
spelter, )Ve may get 65 to 70 per cent of it aa direct spelter, the remainder as zinc 
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dust, blue powder, which must be redistilled. Besides the blue powder that is 
skimmed from the ladles and recovered from the prolongs, there are other between 
products that must be redistilled, including the imperfectly distilled ore remaining 
in the front end, perhaps 10 per cent, of the retort, •which in American vernacular is 
called the “sample” and in the Belgian vernacular is called the gtievles, or “throats”; 
the cleanings from the condensers; and the cleanings from the pans on the floor along 
the front of the furnace. In good practice these collections may aggregate 20 per 
cent of the weight of the original charge; in careless practice they may run to 30 per 
cent. 

In American practice this entire collection is described as blue powder. "With tlic 
Ilcgclcr furnaces it is recharged into the sections of retorts at the chimney end of the 
furnace. With the Siemens furnace it is charged into the uppermost row of the retorts. 
In Europe it is more generally mixed with the ore. In occasional practice it is 
rcsorv'ed and redistilled in a separate furnace. Whatever the method, it occupies 
furnace room, increases the fuel and labor quotients per ton of ore, and subjects a 
certain portion of the zinc to a renewed opportunity for loss. 

Translated into terms of furnace charging, if a furnace of 600 retorts, or 1200 cu. 
ft., should be charged fully at the rate of 55 lb. per cu. ft., ft would receive 72,000 lb., 
but if only 480 retorts can be charged with ore the total is 52,800, and if onlj’ 420 can 
be charged with ore the total is 46,200, and all the quotients are altered accordingly. 
Tlie furnace charging is therefore a composite of the density of charging and the 
proportion of between products. 

These illustrative computations are exclusive of old condensers, which maj' be 
crushed and added to the charge or may be crushed and jigged and the concentrate 
added to the charge; or the concentrate may be accumulated and be distilled sepa- 
rately. All these practices are to be observed. 

Losses in Distilling. — In present good practice, distilling sintered ore, the recovery 
of zinc is 90 per cent plus, exclusive of recovery’’ that may’ be realized by the use of 
prolongs and of additional recovery’ by re-treatment of residues in one or more ways. 
Equally good recovery is accomplished from ore with irony gangue, or limey’, or 
simple quartz if suitable adjustments arc made by the metallurgist. 

In considering the subject of zinc recovery', it is important to examine the ways in 
which loss of zinc occurs in distilling. Most important is its retention in the residue. 
.\part from that, the losses arc scattered: absorption by’ retorts, retention by con- 
densers, escape from condensers (if prolongs are not used), filtration through retorts 
and leakage by retorts breaking, contributing to loss up the chimney’ (which is a loss 
that is very difficult to measure). There is some recovery' of zinc from dust and fume 
depositing in chcckerworks and settling on furnace tops, but both are troublesome. 

Tlic loss is aggravated by’ the exigency' of redistilling some between products. 
Eor example, we might expect to obtain 70 per cent of the zinc of the ore as spelter 
and 22.5 per cent as between products divided approximately' as follows: in ladle 
skimmings, 10 per cent; in condenser cleanings, 2.5 per cent; in pan cleanings, 1.5 per 
cent; in “sample” (or throats), 2.5 per cent; all these being aggregated as “blue 
powder.” Upon redistilling we may get from them 20 per cent (with reference to the 
ore charge), and the zinc recovery will be 70 per cent -f 20 per cent = 90 per cent. 
The ultimate loss of 10 per cent may then be reckoned approximately' as shown in 
the table on page 458. 

Tlic residue may' amount to 30 per cent of the ore charged and assay’ 13 to 14 per 
cent zinc. Nearly half of its zinc content may' be in oxidized form capable of being 
reduced. Daily' loss of condensers was 15 per cent. Each discarded condenser 
contained about 7 lb. of zinc. By’ cnishing and jigging, about two-thirds of its zinc 
could be recovered in a concentrate assay'ing about 70 per cent zinc, of course at a 
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certain cost This salvage is not included in the analysis of recoi ery and loss The 
absorption of zinc in retorts is computed on a basis of daily loss of 3 33 per cent (cor- 
relating with 30-day life) Each discarded retort carries away about 6 lb of zmc 
The loss of zinc escaping through the chmm^ is computable only by difference It 
13 more or loss proportionate to the percentage of breaking retorts 

Direct spelter 
Blue-powder spelter 
Total spelter 
Zinc in ore residue 
Zme in bluo-poudet residue 
7me retamed by condensera 
Zme absorbed m retorts 
Zinc escaping from condensers 
Zinc escaping through chimney 
Total accounting 

Manj zme distdling balance sheets will be more or less m harmony with this 
W ilh tbe use of prolongs the loss of zinc b> escape from the condensers is practically 
excised The loss of zinc by absorption m the retort is negligible Old condensers 
generally assay about 30 per cent ruic, and the greater the breakage rate, the more 
do they carry away Although the larger part of such zinc may be regained there is 
additional cost both for milling and distiUiog 

^\ith regenerative furnaces there is some recovery of zme from the checkers orks 
when they are cleaned In one plant this averaged 25 per cent zme by assay and 
figured to 0 8 pet tent of the imc m the ore charged Cleaning of the tops of the 
furnaces also gives a product assaying about 25 per cent zme and accountmg for 0 2 
per cent This dust is used m the mixtures for stuffing and lutmg condensers, and so 
finds Its way back into the blue powder 

The primary recovery of 92 5 per cent of the zinc that will be reduced to an ulti 
mate recovery of 00 per cent, as already outlined, suggests that somethmg better msy 
be done with the bluepowdcr than redistilling it m the primary furnace, whereof 20 
to 30 per centof its cubic feetof Milcrnal volume is occupied for this purpose This 
13 emphasized if as m some European practice just prior to the war, the size of the 
retorts and tbe density of charging are increased so that no practicable condenwr 
can be attoched for the maxununt collection of zme and the only expedient is to 
mercase the collection of zinc as dust jn the prolongs Such collection may atcced 
ability to market zinc dust A rational expedient is then to apply the Thede process 
of rubbing the zinc dust in a bested revolving cylmder so that the cleaned zme will 
melt down, this being simdar to the Comeluia piucesa used uv Sw edeti (see the sections 
on Zme Dust and Flectrothermic Smelting at TroUhattan) This illustrates moreover 
the wide diversity of the factors in intermittent zinc distilling that must be coi^dercd 
and correlated in harmonizmg any works practice 

According to Dr Thede, describing the practice at Muensterbusch, Stolbcig 
Germany, where his process wasmtroduced the separate treatment of zinc dust cost« 
only one-tenth as much per pound of spelter produced as redistilling, aod with a 
smaller loss of zme, so that recovery of zinc on the basis of the content of ore originally 
charged is raised to 95 per cent “ITie loss of zme m the Thede process itself is small 
and chiefly mechanical Moreover, by keepmg the dust spelter eeparate the cadmnu" 
content of the direct spelter w reduced 

Metal Drawing — Spelter was drawn from the Silesian and the original Rhenish 
condensers only once durmg 24 hr With the smaller Belgian condensers, more draws 


70 0 
20 0 
90 0 



2 3 
0 5 

0 5 

1 8 
100 0 
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were necessary, and even more as the grade of the ore increased. In American 
practice, four draws are the common daily routine. 

In quantity the draw's vary according to the period, correlating with the activity 
of the distilling. The following is more or less tj'pical of the draws in American 
practice: 


Draw 

From calcines, 
per cent 

From sinter, 
per cent 

Time 

First 

23 

22.2 

2.30 P.M. 


29 

29.4 

7 00 P.M. 

Third 

29 6 

29.0 

12.30 A.M. 
6.30 A.M. 

Fourth 

18.4 

19.4 


Total 

100.0 

100.0 





This introduces the subject of the temperature gradient, or what may be plotted 
as the furnace thermograph. This is more or loss variable according to the operating 
conditions. Beginning at 1000 to 1050“C. with "gas on” and immediately after 
completion of the maneuver, it may rise in a straight line, or in a slightly arched line, 
with different speeds. With a rapid rise the maximum, i330°C., may be attained at 
11.30 P.M. With a slow rise it may not be attained until 2.30 a.m. The rate of 
reduction naturally correlates with the thermograph. After the maximum has been 
attained, it is held level for several hours, or until the distilling of zinc is distinctlj' on 
the wane, nearing its end, w'hen the temperature is allowed to fall to save retorts from 
being “butchered” w'hen there is no longer an endothermic reaction occurring wdthin 
them. 

The temperatures suggested here are as registered by Seger cones inside an open 
retort. It is common practice to record furnace temperatures in that way, and tem- 
peratures in the combustion chamber by means of recording pjTometers. Even when 
the latter are used, however, the Soger cones afford a valuable check. 

In European practice the spelter is commonly drawn into small ladles by hand. 
With some furnaces, the lowest row of retorts is so near the floor that nothing else 
can be used. In American practice a large kettle carried on a car on the rails in front 
of the furnace is universally emplo 5 'ed. The spelter is drawn directly into this. 
^^^len the kettle is full, the metal is skimmed and then poured into a row of molds. 
There is no question as to the superiority of this method. 

Retort Residue. — After distilling has been completed, the spent residues must be 
withdrawn, usually by hand, but machines have been found useful in some plants, 
without becoming of general application. In some American practice a water pipe 
is introduced into the retort, lofting out a little water, which immediately becomes 
converted to steam and blows out most of the residues. With the fluffy residues from 
Joplin ore this system works very well, but with a slaggy or “gummy” residue, it has 
to be hoed out. 

Some lead from a leady ore goes over into the spelter. A considerable proportion 
of it may be recovered by gravity refining, but that which is retained by the spelter 
adds to the w'cight of the latter and realizes the spelter price for good ordinary brands, 
^lost of the lead and all the gold, silver, and copper remain in the rnsiduc. If the 
silver content is high, which has occurred with some ores, the entire residue may be 
passed on to the lead smelter. In general, however, the residue used to be jigged for 
separation of its lead, together with the silver carried by it, if that were worth while. 
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The flotation process has been so effective in deleading ores that there is non but 
little need for recovery of lead from retort residues, but thej are sometimes jigged and 
Hashed for recovery of undistiUed zinc, unbumcd coal, etc It is now a common 
practice to put retort residues through the Waelz process, bum out unreduced ime, 
recover it as fume, and put that back into the charge for distilling 

Labor — In the management of the zinc distithng furnace there are two sjsteins 
in the one commonlj practiced m America the furnace crew of 30 or so is divided into 
groups of specialists, each group perfonnmg a single operation m the other, u hich is 
m general practice in Europe, the furnace crew, which is elwajs relatively small, 
is divnded into squads each of which takes cha^e of the operation of a part of a 
furnace, a half or a quarter collectively performing all the operation" of the maneuver 
After the maneuv er has been finished, the furnace passes into the charge of the fireman 
and the metal drawers who work in the same waj bj either sjstem 

An American furnace of 60S retorts was charged with 24 tons (of 2000 lb ) of ore 
and was attended by a creu of 30men inclusive of gas producers but exclusive of those 
who removed residues from the ash pocket* This figured to 1 25 man days per Ion 
of ore Conlempotaneously one of the most modem of the gas-fired furnaces in 
Belgium received a charge of 11 short tons of ore and bad a crew of 20 men, which 
figured to 1 8 man-days per ton of ore However, the Belgian furnace was operated 
with prolongs, which the American was not 

These labor quotients are computed on the basis of roasted ore On the basis of 
raw ore in a well mecbanicaliied plant in the Lnited States, with furnaces fired with 
producer gas, the use of labor will hover around 2 man-days per ton of ore 

Refining — Cadmium and lead both go over witb zme Cadmium concentrates 
m the first draw of spelter Lead is higher m the later draws Some grading is 
accomplished by keeping them separate Drawing into the large kettles in American 
use, there is some equalization of the molten metal, but even so there may be wide 
\ ariationa in the draws from different parts ol the furnave, especially {torn out HegeUr 
furnaces that have so pronounced a drop m temperatures 

By remeltmg the spelter it can be equabzed, and the excess of lead settles out 
This IS the simple process of grai ity refining Refining maj also be done by redistill 
mg but that docs not get rid of cadmium The New Icrsey process of reflux refining 
enables ordinary spelter to be raised to four nine grade and in th« puts the 

old process of intermittent distilling on equal terms with electrolytic refining 

The New Jersey Zinc Co s process of refining is a means o! integrating in one 
operation multiple stages of fractional distillation and fractional condensation The 
liquid metal and metallic vapor travd countcTcutrently through a column, the heat 
for boiling being supplied at the lower end of the column and the heat of condensation 
removed at the upper end In practical application, epelter is melted in a pot w 1 ence 
It IS introduced into nrhat is called the ‘lead column,' which compnses a scries ef 
superimposed trajs of refractory material with staggered openings, permitting the 
liquid metal to cascade downw ard m intimate contact w ith metallic vapors ascending 
countereurrently From the top of this rectifying column zmo vapor passes mto a 
condenser whence molten zme issues into what is called the "cadmium column 
From the top of the latter, cadmiumiscondenscdasadust or otnerwisc asacadrmuir 
zinc alloy From the bottom of the cadmium column, refined zinc is obtained 
F rom the bottom of the lead column, the metal from which the zinc has been 
boiled off is collected in a liquating pot which ^ves impure zinc to be recycled snd 
lead and zinc-iron dross separated bj gravity 

The columns and their fittings are equipped from suitable refractory material 
A refining unit is of 15 tons daily capacity, operating contmuously Prune M estem 
spelter m this country, or g o b metal m Europe, is raised to 9° 99+ per cent zmc 
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The direct production of this grade is about 96 per cent of the zinc in the feed; of the 
remaining 4 per cent all but 0.5 to 0.75 per cent is accounted for in the skimmings, 
dross, and other by-products. In connection with the New Jersey process of con- 
tinuous distilling, the feed metal is run directly to the refining unit. 

The New Jersej^ refining process is strongly patented and is used in the United 
States and in a few countries in Europe under licenses. 

Zinc Dust. — In the United States there was a prewar production and consumption 
of about 15,000 tons of zinc dust, also called zinc gray and blue powder, and in Europe 
a larger quantity. In Europe where prolongs are used in the distilling of ore, the dust 
from them may be made commercial, and of a quality of 90 per cent zinc unoxidized, 
by sifting and grading. In general it is difficult otherwise to obtain such a grade 
directly from ore. 

In the United States the prewar specification for prime zinc dust was 96 per cent 
metallic zinc, all to pass a 300-mcsh sieve, together with some requirements as to 
grading according to size of particles. Close grading of size is more important than 
excessive fineness. 

Spelter was formerly obtained from galvanizers’ dross and other metallic zinky 
material b 3 ' distilling in largo bottle-shaped graphite retorts, cominonlj’’ about 36 in. 
long and 20 in. in diameter. Furnaces with a batterj’- of such retorts, commonlj^ oil- 
fired, are still in use. Distillation of a charge requires about 18 hr. and a use ol about 
2 lb. of coal (or its equivalent of oil) per pound of dross and the labor of one man per 
shift per four retorts. 

Some spelter is still produced in this waj', but the quantitj' is grcatlj' reduced and 
these furnaces are now used chiefly for the production of zinc dust, as being more 
profitable. 

The treatment of galvanizers’ dross and other zinc junk offers no verj^ troublesome 
metallurgical problem, the zinc bemg simplj' boiled off and the vapor condensed cither 
as spelter or as dust, the latter being accomplished bj' sudden chilling to a temperature 
of 320 to 415‘’C., which precipitates the zinc as snow, so to speak, instead of as rain. 
For this purpose a cast-iron canister maj' be used, and one 2 ft. in diameter bj' 4 ft. 
in height maj' collect 260 lb. of zinc dust in 24 hr. Either for spelter or for dust a 
commercial recoverj'' of 80 per cent is about what is realized from galvanizers’ dross. 
The loss is chieflj' bj' retention in the residue of iron and lead that accumulates in 
the bottom of the retort until it is pulled out and broken up. There is a similar 
retention of zinc in connection with the cupriferous residue that accumulates in the 
distilling of zinc from old die-casting junk. 

The zinc dust that is used bj’ the electrolj-tic zinc producers is manufactured bj' 
atomizing molten spelter with a blast of air. There is a small production as a bj'- 
product from hot-dip galvanizing plants. In the modem technique of pipe galvaniz- 
ing, and cspeciall}' that of electrical-conduit galvanizing, the present practice is to 
blow through the pipes and tubes with dry steam under \cry high pressure. This 
gives a ver.v fine dust, averaging upward of 95 per cent zme as metal, that is collected 
by suitable means. 

Zinc Burning or Zinc Fuming. — This is a process of reducing zinc oxide, which is 
distilled as vapor that is burned immediately. Theoretically, the metallurgical 
reactions are unchanged, but whereas in the rccoverj' of zinc as spelter it is aimed to 
avoid oxidation of the vapor, the purpo.se is now to promote it, and to collect the 
oxide floating in the gas of combustion by filtering it through cotton bags. This 
introduces problems of cooling the products of combustion and dealing with them 
otherwise. 

IVith ore free from lead and cadmium, .and allowing coal ash, etc., to settle in the 
flue lending to the baghouso, oxide ass.ajdng SO per cent zinc (the theoretical) and snow 
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white may be collected The particles under ft microscope will be m fractions of a 
micron (Hqoq diameter) The details of temperature, condensation, etc, 

that may cause these particles to be acicular, or of more equal dimensions or otherwise, 
will not be discussed here, nor the merit or dement of different forms 

If the ore contains cadmium, it will go over into Ibe fume, and will give it a color 
ranging from slightly yellow to distmctly brown A slight yellowish tinge may be 
discharged, however, and it is possible to make a good grade of oxide from ore con- 
tainmg 0 3 to 0 4 per cent cadmium 

If the ore contams lead, it will surely be volatilized and filtered out with the fume 
as sulphate or some more complex oxidized form The fume will no longer be capable 
of classification as "lead free," but will sUll be ft valuable commercial product 

If the ore contains a good deal of lead, the product will be what is called a "leaded 
zme,” which is so valuable as a pigment that to some extent pig lead is melted and 
volatilized to boost a product denved directly from ore 

Zme oxido of the highest grade is made by burning spelter, this is known as the 
French process and the product, French oxide Zme oxide as a finished commercial 
product IS obtained directly from ore by means of the Wethenll furnace Impure 
zinc oxide has been produced as a concentrate by the Pape process, by the Bartlett 
process, and by reducing in a reverberatory furnace, but those processes are now but 
little used, if at all Recovery of zme oxide from the blast furnace smeltmg brass 
junk IS an important process practiced at Carteret and Perth Amboy, NJ, and 
Laurel Kill, L I 

The present summary will treat only of the Wethenll process, the Wads process, 
and slag fuming 

The fume coUected from metallurgical b) products or waste products appears 
to run everywhere about 05 to 70 per cent zinc, the remainder being chiefly lead 
This filtered fume is not an ideal product for re-treatment It is fluffy, of low weight 
per cubic foot, and di/HcuU to handle mechanically, either for shipment or for sub 
sequent treatment It may have to be densified by toeehaDical compression or by 
nodulizmg by fumacing and may have to be delcad^ 

Beneficiation of this fume may occur in the following ways, all of which exist in 
present American practice 

1 Return to the process of electrolytic extraction 

2 Delivery to manufacturers of Iithopone {» hydrometallurgical process) 

3 Delivery to manufacturers of lead-zinc pigment 

4 Delivery to zme distillers (With them it is not a warmly welcomed product 
unless it has been deleaded and nodiibied Without nodulizmg it ma> , however, be 
mixed with roasted ore prior to smtermg ) 

Wethenll Process — A distioguisbing feature of the WetheriU furnace is the grate, 
which consists of a series of cast-iron plates, about 6 in wide, 1 to 1 5 m thick, and of 
length correspondmg with the width of the furnace, which may be about 6 ft , these 
plates bemg perforated by conicalholesabout025to 04m in diameter on the upper 
side of the plate as it is to lie in the furnace and 1 m in diameter on the lower side, 
there generally being about 100 boles per square foot The purpose is to prevent a 
bed of ore and coal on the surface from siftmg through very much and to prevent the 
holes from blinding In some practice, the bars are perforated with narrow slots 
instead of conical holes The bars rest on ledges in the side walls of the furnace 
The ash pit is designed for operation of the furnace with an undergrate blast 

Furthermore, the two types of Wethenll furnace known as the Eastern and the 
Western differ only in details of design The Eastern Wethenll is used at Pslmerton, 
Pa The Western Wethenll is used m the plants west of the Alleghenies Excep- 
tions to this generalization may be found in instances where furnaces of the Eastern 
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type have been built and operated more or less experimentally in Western plants. 
At Palmerton the ore that is treated is the franklinite coneentrate from New Jersey. 
The Western plants treat ore from Tennessee, the Tri-State district, and from the 
region west of the Rocky Mountains. 

The Eastern WetherUl consists of four or more hearths built together with a com- 
mon back wall and with common side walls. The products of combustion from each 
hearth escape through an opening in its arch and are led to a chamber where the zinc 
vapor is completely oxidized, thence passing through a cooler to the baghouse. 

The Western Wetherill comprises a series of hearths, separated only by low side 
walls and covered by an arch that is common to all the hearths comprising a block, 
the products of combustion being conveyed awaj' from the end of the block. 

In one plant where there were furnaces of both the Eastern and Western tj’pe, 
operated under identical conditions, no material difTcrence in results was observed. 

A Western Wetherill furnace of good design may have 10 hearths, each 6 X 12 ft., 
and may burn 24 to 25 tons of calcined ore per day mixed with 1 .2 tons of coal, charging 
being done twice per daj'^, and extraction of zinc from an ore of 70 per cent grade being 
about S7.5 per cent. Air pressure under the grate is equal to 2.5 to 4 in. of water. 
Length of furnace campaign may be 3 years. 

Among plants, practice varies in operating details. The ore may be mixed with 
all the coal and so spread upon the hearth, or a bed of coal may first be laid and the 
mixture of ore and reduction coal then be spread on it. Three charges may be burned 
per 24 hr., or even four. The number of furnaces to a block may be 8, 10, or 12. 
The hearths may be as wide as 13 ft., i.e., crosswise of the block. There arc working 
doors on each side of the block, and the furnace personnel attends to one hearth after 
another. Mechanical charging has been satisfactorily applied, in which application 
all the coal is mixed with the ore. 

With the Wetherill furnace it is necessary to counteract the tendency of the blast 
to break through the charge, making blowholes and craters. This requires constant 
attention. It prevented the mechanicalizing of the Wetherill furnace after the 
fashion of the traveling grate in steam-boiler practice, owing to the tendenej' of the 
air under pressure to break through along the sides and to slag and stick there. A 
great step in advance occurred when the New Jersey Zinc Co. began to make up the 
charge out of a briquetted mixture of ore and coal. The charge could then be burned 
like anthraciic coal on a domestic grate, and the working doors of the furnace had no 
longer to be sealed. Obviously this opened the way to the mechanical Wetherill 
process. 

In the operation of the mechanical Wetherill furnaces the charge of ore, plus about 
20 per cent of coal, plus waste sulphite liquor from paper mills as binder, is com- 
pressed into hard briquettes, their shape being like that of a small pillow 2 in. square 
and about 1.5 in. through the thickest part. The grate bars of cast iron, which travel 
over sprockets at each end of the furnace, are 12 ft. long, which is the same as the 
width of the Western Wetherill furnace. 

In operation the grate passes under a feed hopper from which it gets a bed of coal 
briquettes (of the same size as the ore briquettes), which arc spread mechanically to a 
depth of G to G.5 in. The coal briquettes pass through an ignition zone after which 
the grate receives from an overhead hopper a bed of ore briquettes about 6 in. thick. 
Reduction of zinc oxide and removal of the products of combustion then proceed 
according to the same principles as in the hand-operated furnace. Slicking of the 
charge to the side walls of the furnace is pre\'entcd by making them of water-cooled 
plates. 

The mechanical Wetherill docs away with the onerous labor conditions of the 
hand-operated furnaces, affords a much greater capacity per square foot of grate 
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aurface, and bj virtue ol the intimacy of the mixture of briquetted ore and reduction 
coal gives an improved percentage of nnc extraction 

The Waelz Process — This is a process of xinc reduction and burning bj means of 
a revolving cylinder, internally heated to A high temperature, the mechanicalrzation 
being similar to the cjbndrical furnace used for making cement The Waelz furnace 
IS built in Sizes from 40 ft in length and 6 ft in diameter up to 160 ft in length and 
12 ft in diameter The slope dovmward from mlet to outlet is usually about S per 
cent The rotation is generally about one turn in 53 sec , but it may be speeded to 
one m 30 sec or retarded to one in 120 sec For the largest furnace the power requue- 
ment is25 to 30 hp , and the labor ranges from two to six men per shift Ore and coke 
are mixed before charging In the treatment of some low grade calamme, the addi 
tion of coke has been as low as 10 per cent In the treatment of retort residues, there 
may be sufficient unhurned coke to allow the charge into the aelz furnace to he 
self burning 

In a plant m Upper Silesia, burning calammc with 12 to 15 per cent zinc, mixiil 
with 25 per cent of reducing coal 5 to 10 per cent of firing coal was used, and a zii i 
extraction of 95 per cent and A fume assaying about 66 per cent zinc and 0 per cent 
lead were obtained About 160 tons of ore per furnace per 24 hr was run In 
the United States at the present tune the Waclz furnace is used extcnsivclj in burning 
zinc out of current and old accumulations of distillation residues A plant trcnting 
300 tons of residues daily may yield 40 tons of fume or roughly 30 tons of zinc uj fume 
The yield is of course always commensurate with the quantity of zinc in the matenai 
that IS treated 

It has been remarked before that even in good distilling m retorts about half the 
zino in the residues is in oxidized form, perhaps partially as ferrate end silicate 
Under the fierce internal heat of the Waclz furnace, further reduction is accomplished, 
and even a considerable proportion of zuic sulphide may be decomposed, reduced to 
zino vapor, and burned In this, as in other zioc-burning processes, the heat that 
IS requued endothermically for reduction is of course restored exothermically by 
combustion of the vapor 

If the Waclz fume is derived from leady ore, the fume itself will be leady The 
fume derived from retort residues, however, will be low in lead inasmuch as such 
residues liave been derived from ore previously deleaded Such fume may therefore 
be returned to the ordinary process of distilling Thw is done by mixmg it with 
roasted ore prior to smtering 

Slag Fummg — The treatment of slags from lead-smelting blast furnaces for 
extraction of their zinc content and recovery as oxidized fume is done on a large scale 
at East Helena, Mont , Tooele, Utah, Trad, B C , and Kellogg, Idaho The Bunker 
Hill plant at Kellogg, as the latest construction, sufficiently exemplifies the methods 
at the others 

Hot slag from the primary furnaces is transferred to the slag fumers Some cold 
slag may be added The slag lummg furnace is 15 ft long b> 8 ft wide and of stand 
ard water-jacket construction On each side there are 14 double-inlet tuylrcs, each 
side being fed with a Babcock & Wilcox pulveruec of 4080 lb of coal per hour lated 
capacity They are designed to feed coal against mternal pressure up to 10 lb per 
sq in The pulverized coal (upward of 80 per cent through 200 mesh) is dcliv< red 
to the tuyeres in a primary air stream comprising about 48 per cent ol tbe total au 
flow The remaining 52 per cent enters the tuj eres as secondary air Twolngersoll 
Band turboblowers, maximum ratmg 6910 cu ft each at 8 lb gauge, supply the 
furnace air 

The coal air mixture forced through the slag both supplies heat and effects the 
reduction of zinc oxide. The slag is treated in batches, each batch comprising a 
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furnace cycle, divided into three periods, viz., charging, reducing, and tapping. Coal 
and air arc delivered to the tuj'Sres continuously throughout the operation, and the 
reduction period is about 65 per cent of the time of the cycle. 

The dusHaden gas leaves the furnace at somewhat over 1100°C., enters the waste- 
heat boilers at 925 to 1040°C., and finally enters the baghouse at 200°F. The slag is 
dezinked down to about 1 per cent Zn. The fume assaj-s 63 per cent zinc and 10 per 
cent lead and weighs approximately 40 lb. per cu. ft. It is densified and deleaded 
by mixing with about 1.5 per cent by weight of minus-M-in. crushed coke and is 
calcined by passing it through a revolving cylinder, 75 ft. long by 7 ft. diameter, 
fired by either oil or coal dust, the temperature being about 500°C., at the feed end 
and about 1260'‘C. at the discharge end. Passage through this kiln nodiilizes the 
raw fume, increases its weight to about 185 lb. per cu. ft., raises the zinc content 
to about 72 per cent, and reduces the lead to about 1.5 per cent. Fume from this 
kiln is delivered to a baghouse, whence a product with about 50 per cent lead and 

23 per cent zinc is returned to the lead-smelting system via the Dwight-Lloyd sinterers. 

The Bunker Hill plant was designed in 1943 for the treatment of 300 to 400 tons 

of hot slag per day. The operating personnel comprises 14 men per 8-hr. shift. 

The production of zinc from the slags of lead smelting has now become an impor- 
tant process in the United States and in Canada. It gets the zinc from what are 
classed as lead ores and thus increases the extraction from an original zinc-lead sul- 
phide ore by a substantial quantity. Moreover, it brings accumulations of old slag 
into the classification of new zinc deposits. In 1944, the three major plants in the 
United States treated about 510,000 tons of slag, which jdeldcd 78,500 tons of oxide 
fume, containing about 55,000 tons of zinc. The cost per ton of slag is relatively low, 
but obviously it is substantially more for cold slag than for molten, and of course it is 
increased if nodulizing and dcleading has to be done. 

Continuous Distilling. — Obstacles in the waj'- of designing a furnace for continuous 
reduction and distilling of zinc have been (1) difficulty of integrating in one operation 
the two stages of intermittent distilling, viz. (a) preliminary reductions and (b) the 
reduction of zinc oxide itself; (2) trouble from the ore becoming stickj’' and so hanging 
in a vertical shaft through which it was expected to descend; (3) inability of zinc vapor 
to find egress through a long column of fine ore, which cannot be “spicssed ” as in the 
ordinary horizontal retort. Following many failures to accomplish continuous 
distilling, four processes have come into commercial use, although not all of them are 
in use at the present time. These are summarized in the following sections. 

Trollhattan Process. — Some intelligent work was done in experimental plants to 
subject calcined ore to prereduction and then transfer it to an electric furnace heated 
by the resistance of a bath of molten slag into which dipped the graphite electrodes 
carrying the current. Although with such a furnace lead could be tapped from the 
bottom and spelter could be condensed from zinc vapor escaping from the top, the 
loss of zinc in the slag was prohibitive apart from other objections. 

At Trollhattan, in Sweden, loss of'zinc by scorification was minimized by making 
a high-temperature bisilicate slag, c.g., 50 per cent SiO:, but in the absence of pre- 
reduction the zinc vapor was condensed mainly ns blue powder. The blue powder 
was melted to spelter by the ingenious Cornelius process in which by putting it in a 
suitably heated, revolving cylinder, oxide coatings of the zinc globules were rubbed 
off, thus allowing the globules to coalesce. The cmdc spelter thus obtained was 
refined by redistilling in another electric furnace. By this process many thousands 
of tons of spelter were produced. 

Roitzheim-Remy Furnace. — In this furnace a battery of 22 annular retorts about 

24 in. in diameter and about 6 ft. in height arc arranged in pairs within a common 
i-oinbustion chamber. Inside of each retort is a vertical tube with apertures in its 
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walls The material to be distilled is charged into the annular space around the 
central tube, the apertures of which allow the gaa and \apot to escape from the retort 
into the tube The tn o tubes of a row are connected across and thence communicate 
with the condenser sticking out from the wall of the furnace, which is luted in as usual 
It 13 umnterestmg to go further in description of the complicated construction of this 
furnace and the details of its operation 

A plant in Berlin equipped with a considerable number of these furnaces operated 
contmuously with charges of galvanisers* ashes which is a material not requiring pre- 
reduction and not becoming gummy when heated Each retort received a charge of 
about 10001b and yielded in a smgle tap per 24 hr about 440 lb of speller plus about 
80 lb of zinc dust as ladle skimmings and prolong dust These results were con 
sidered satisfactory 

Some trials of the Roitzhcim-Remy furnace m ore distilling m other plants were 
unsatisfactory 

New Jersey Zinc Co 's Process —Success m using bnquetted ore on the Wethenll 
grates contributed to this process of continuous distilimg in which the charge of ore 
and reducing coal is briquetted in the same way Prior to charging into the retort 
however the briquettes are coked by passing them continuously through a vertical 
chamber of horizontal cross section in which they are coked bj means of the exhausting 
gases from the combustion chamber of the disttllmg furnace, these gases entermg the 
coking chamber at 750 to 900®C 

The distilling furnace as a unit comprises either 8 or 16 retorts The retorts are 
rectangular m horizontal cross section, commonly 6 ft X 12 in , but retorts of 7 ft X 
12 m are in successful use The long sides of the retort arc laid up with shapes of 
silicon carbide carefully fitted so as to be gastigbt The height of the retort that is 
heated la ordmanly 25 it , but there arc extensions at top and bottom for the meeba 
nism of introducing fresh briquettes and dischargmg those that have been exhausted 
at the bottom The retorts are operated continuously, but the charge is introduced 
in batches at proper uitorvaU 

The condenser consists of two parts the first being an inclined conduit directly 
connected with the retort, in which the gases are cooled rapidly and a recond part 
comprismg a sump m which the molten spelter is collected and m which the cooling 
of the zinc i apor is completed at a relatively slow rate in order to avoid precipitation 
as blue powder by excessively rapid cbilling The condenser has baffles to zigzag 
the flow of vapor through it 

The exhaust gases from the condenser are srrubberl to eliminate any remains of 
zinc vapor and are then returned as nearlj pure carbon monoxide to the combustion 
chamber of the furnace, thus affording 20 per cent of the heat required to fire the 
retort A temperature of ISOO^C in the combustion chamber, a zinc elunmation of 
66 per cent, and a recovery of 92 per cent of the content of the charge may be realized 
With a furnace of 16 retorts treating calcined sulphide ore of the ordmarj grade of 
flotation concentrates, a yield of 60 tons of spelter per daj may be realized The 
retort life is 3 to 6 years 

The production of blue powder in the New Jersey process is very small being 
only that which is scrubbed out of the gas escaping from the condenser The coking 
of the charge effects preliminary reductions and reduces the production of carbon 
dioxide withm the retort The reduction of carbon dioxide is substantially com- 
pleted in the upper extension of the retort by passing through the hot coked briquettes 
which hkewise filter out particles of charge entramed by the gases 4ny blue pov der 
formed on the descendmg charge is thus automatically returned to the reduction zone 
of the retort All this was a perfccium of the old idea of passing the gas and i spot 
from the zinc retort through a filter of incandescent coke, as in the Klecnian con 
denser of former times 
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The New Jersey continuous process has had the adv'antages of giving an increased 
extraction of zinc, less production of between products, less requirement for coal for 
fuel (this saving being enhanced by utilization of the carbon monoxide gas from the 
condensers), a saving of labor, the production of an improved grade of spelter, and 
the general advantages resulting from steady conditions that are capable of close 
regulation. On the other hand it is subject to increased cost for labor and material 
in briquetting the charge, and the amortization of a costly plant. 

New Jersey vertical retorts are in use at Palmerton, Pa., Depue, 111., hleadow- 
brook, W. Va., Avonmouth, England, and Oker, Germany. Having been first 
commercialized in 1929 and having been in steady use since then, this process is now 
thoroughly established. 

The St. Joseph Lead Co.’s Process. — This process, which is the most successful 
of any of the proposals for electrothermic distillation, was developed from the patented 
ideas of E. C. GaskUl. Instead of trying to combine zinc smelting and lead smelting, 
as in the fusion processes of prior inventors, he conformed to the simple principle of 
zinc reduction and distillation with internal heating instead of external. The process 
as originally introduced at Josephtown, Pa., in late 1930 contemplated only the pro- 
duction of zinc oxide. 

Calcined ore is sintered under conditions to produce an unusually hard sinter. 
By-product coke is used for reduction fuel. Both ore and coke are sized, then mixed 
in equal-volume proportions, and preheated in a revolving kiln to a temperature of 
about 850°C. 

The preheated mixture is charged into columnar furnaces, 69 or 96 in. in diameter 
inside and 37 to 40 ft. over-all in height. Near the top of this shaft four or six elec- 
trodes protrude into it, and a corresponding set enters near the bottom, the height 
between each group of electrodes being 26 ft. Inasmuch as the charge is to be the 
resistor, the carbon must be constantly maintained in excess of what is required for. 
reduction of zinc oxide. Each furnace contains upward of 25 tons of charge, and 
about 18 hr. is required for passage through the furnace. Internal temperature is 
about 1200°C. Gas and vapor escape through 12 openings, disposed in groups of 
three on each of four levels within the electrode boundaries, and the vapor is burned 
to oxide which is baghoused in the usual way. 

The original Josephtown furnaces were designed only for the production of zinc 
oxide. Because of the relatively enormous output of zinc vapor per furnace day, it 
was quickly found that surface condensers of the area required would be very large. 
Hence, attention was turned toward developing a more compact condensing means. 
That problem was solved by the development of a special condenser which is described 
in U.S. patent 2070101, Feb. 9, 1937, issued to George F. IVeaton and H. K. Najarian. 
This condenser is in cficct a U tube containing molten spelter, just as a manometer 
contains mercury, but one limb is of circular cross section, being a 36-in. diameter 
steel tube lined with heat-conducting refractorj- material, connecting with the furnace 
and being capable of temperature control. The vertical limb leads to a gas washer 
of special design which is described in U.S. patent 2298139, Oct. 6, 1942, issued to 
Carleton C. Long and George E. Deelcy. A pipe with a vacuum-control valve 
connects the gas-deduster discharge to a mechanical exhauster. The idea is that the 
g.as and vapor shall be drawn through the molten spelter contained in the condenser, 
and that following condensation of the zinc, the gas shall be drawn through the 
washer. The gas bubbles through the molten zinc. Periodically, zinc is tapped 
from a “tapping well’’ which communicates with the lower part of the condenser. 

The molten zinc is preferably kept at a temperature of 500 to SSO’C. The vapor 
enters the condenser at a temperature of about 850°C. In the vapor-collecting ring 
surrounding the furnace there is a considerable drop of vapor temperature, but not 
enough to condense any appreciable amount of metal, as the dew-point temperature 
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13 ordmanl> about 830®C The power required for operating the vacuum pump awl 
CO compressors when condensing 100 tons of spelter per doi is approximatclj 475 hp 
Spelter a'waj mg 90 97 per cent tme wproduced Zme dust reco\ ered from the w ashei 
depends on the \apor pressure of the condenser exit gas and is about 3 to 10 per cent 
ol the condenser production ci! spelter 

Spelter production is about 18 tons per furnace-day for the 69-in D furnaces 
Operating labor m the furnace plant is approximatelj 5 5 man-hours per ton of spelter 
produced Over all recoverj in speller and other salable products is 90 to 93 per 
cent Of the lo'^s about 4 to 5 per cent occurs through sine m the finally discarded 
residue Total smelter power requirements are 3258 Iw -hr per ton of smcequiialent 
produced This is for 54 to 55 per cent Za concentrates For higher tenor feed, 
recover! « somewhat higher and power requirement somenbat lower Furnace 
power IS 78 to 79 per cent of what is required for the entire plant operation 

It appears from these data that the use of electrothcrmic power at Josephtown 
IS much less than what it was at TroUhattan, when electrothcrmic distilling was being 
performed there One reason for the difference was that at TroUhattan the gongue 
of the ore was fused and run off as a slag, which was a great consumer of cnergj 
w hercaa at Josephtown the gangne is discharged unfused 

SptUfr Directly from Slag — TheSt Joseph Lead Co since 1941hasbeen developing 
a rnethod for the recoverj of zme as spelter directly from slags of lead smelting at 
IToreulaneum Mo containing 12 to 10 per cent zinc In 1944, several hundred tons 
of spelter were produced there by this method, and it is believed that large-scale 
production is imminent 

Tlic reduction of zme is accomplished in an electric furnace in the form of a 
horizontal cj Under of 1-ioch steel plate, 42 ft loDgbj 15 ft 4)^ in in diameter, out 
side dimensions, winch are reduced to about 37 X 11 ft > inside, bj refractoo Imings 
Sing IS fed through a small water-cooled hole in one end wall, about 12 in above the 
maximum slag level and spent slag is withdrawn through a water-cooled tap in the 
oppoMtt end wall, matte and iron being tapped through a lower hole Electne power 
H introduced by SIX carbon electrodes, 30 in m diameter, spaced on 5-ft G-in centers 
m line along the top of the furnace Gas and vapor arc led to ti Weaton Najarian 
condinsor 31ft long with associated Long Dcelj gas dedusters Mctaltappcd from 
the condensers is drawn to a large settling furnace, 'wbcnce spelter of Prime ^Sestern 
gr ulc, containing about 1 per cent lead is obtained 

Cohe breeze, for reducing carbon thoroughly dried, is distributed bj a Deehv 
coke flinger over the top of the slag bath throughout its length The depth of the 
slag bath, into which the carbon electrodes dip is 10 to 30 in , the depth being nieav 
ured bj a bar let down through a bole in the roof of the furnace The slag bath y 
the resistor Tlie electrodes that dip mto it are raised and lowered by motor-dnven 
staffs The operation proceeds essentially on a continuous basis, but the feed and 
discharge of the slag are semicontinuous The exit slag is about 80 per cent of the 
weight of the incoming slag when the latter contains J2 to 13 per cent zinc 

It IS expected that in commercial operations the power consumption will be 800 
kw -hr per (on of slag of 14 per cent zinc, tlie coke consumption, not over 7 5 per rent 
of slag weight, the electrode consumption, not over 10 5 lb per ton of slag, stripped 
slag to contain not over 20 per cent of the zinc charged, and the over all recovery w 
slab zinc, 75 per cent of the zinc in the feed 

Spelter Di'edly from Dratt Scrap — ^Heretofore the only method of rccov ertng zme 
from brass scrap has been to vaporize it, let it hum, and collect the oxide fume hv 
filtration (liighousc) In the ^ ilVina-PoIand process, recently developed, the scrap 
IS meltcil and is fed into a scaled distilling furnace, winch is lined internally with 
carbon blocks The temperature of the furnace is rawed bj electnc current pawnup 
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through graphite resistors. Zinc is distilled off, condensed, and cast directly into 
slabs. The condensers operate simply and effectively, there being no diluting gas 
in the zinc vapor entering into them. In starting the operation, an atmosphere of 
nitrogen is established in the melting furnace and the distilling furnace is flushed out 
^^•itb nitrogen until it becomes filled vith undiluted zinc vapor. After the zinc is 
distilled off, the residual copper is drawn off and fire-refined in the ordinary manner. 
Mr. R. A. Wilkins informs me that as a matter of operating economy, it is not 
possible to reduce zinc to much below 2 per cent, that quantity being discharged in the 
copper going to the fire-refining operation. From brass scrap averaging 30 per cent 
zinc or more the recovery of zinc in the form of slabs is upward of 90 per cent. 

CADMIUM 
Bt W. R. Ingalls* 

Cadmium a By-product.- -^Metallurgical literature has no record of any ore 
bcneficiatcd for cadmium alone, and the cadmium of commerce is derived from zinc 
ore, with which cadmium is generally associated. Zinc ores free from cadmium, 
c.g., the ores of the Franklin and Stirling mines. New Jersej', and of Broken Hill in 
Rhodesia, are rare. 

Blende concentrates of SO to 60 per cent grade have contained (in production of 
important tonnage) as much ns 1 per cent Cd, which is unusually high. The con- 
centrates from the Tri-State district average 0.3 to 0.4 per cent Cd, which is high. 
The concentrates from mines west of the Rocky Mountains seldom are liigher than 
0.2 per cent. 

In the periodic system of the elements, cadmium is in the same group witn zinc. 
Its properties and compounds arc similar. Its metallurgj' is also similar. Cadmium 
has a melting point of 320'’C. and a boiling point of 77S°C., while the melting point 
of zinc is 415°C. and the boiling point 905°C. These conditions, together with the 
lower reduction temperature of cadmium oxide, indicate a means for separating 
cadmium from zinc. 

Cadmium in spelter is viewed, if not as an impiirity, at least as an alloying element 
that may be objectionable, its special effect being hardening. However, for some 
purposes, a little cadmium in spelter is desired, and 0.4 per cent maj' be permissible, 
even in spelter for rolling. Cadmium in spelter for brass making is completely vola- 
tilized at the temperature of that process, and in bygone days an immense quantity 
of cadmium must have been lost in the fumes from these furnaces. Tlie arrangement 
of brass mill funiacos is such that the collection of fumes is economically imprac- 
ticable. At the present time, however, the brass makers are mostl}’ using high-grade 
spelter (cadmium-free). 

The salts of cadmium are poisonous, materially more so than are the correspond- 
ing salts of zinc. A dose of 0.03 g. of a cadmium s.alt is fatal to animals, and very 
small quantities arc poisonous to human beings. Cadmium may be easily elec- 
troplated, and when so applied adheres firmly and resists bending without cracking, 
but it is readily attacked by acetic and tartaric acids, appreciably more so than zinc. 
In •N'icw of its case of solubility and its to.vicity, the use of cadmium for articles that 
may come into contact with foodstuffs is inadvisable. 

Pyrometallurgy — Early. — Cadmium compounds, sulphide and oxide, being more 
volatile than the corresponding compounds of zinc, loss of cadmium begins to occur 
from the fir-st furnace operation. In normal roasting, even with. Tri-State ore, this 
loss may not be very high. Raw ore, as-saying 0.4 per cent C<i, may be expected to 
give a roasted product of the same assay, which would imply a cadmium loss of about 

' \ conilcnsed veraion of tliii article aiipe.ara in Tran*. A. I. M. E., Vol. I.',!). 194 t. 
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15 per cent Roasted ore assaying 0 4 per cent Cil when distilled at ordinary furnace 
temperature jielded spelter containing about half of what was in the ore charged 
Thefirstdrawof spelter under these conditions may assay 0 8 per cent Cd (account- 
ing for 22 per cent of the cadmium recovery) and after the seveial draws of spelter 
have been equalised the cadmium content may average 0 35 per cent If therefore 
2000 lb of blende averaging 0 35 to 0 4 per cent Cd is roasted and distilled there may 
be obtamed 1000 lb of spelter, assaying 0 35 per cent Cd or 3 5 lb content, which 
entering into Prune Western spelter will be sold at the spelter price 

It will be observed from the previous outline (summarirmg conditions prior to the 
introduction of sintermg) that the mam loss of cadmium occurred in the distillation 
process and by failure to condense which could be ameliorated by attaching a prolong 
to the condenser thus collecting additional zme dust, rclativelj rich in cadmium 
This was the basis of cadmium metallurgy, especially practiced m Upper SJesia 
prior to the mtroduction of the process of electrolytic zinc extraction The primary 
zme dust containing 5 or 6 per cent Cd, mixed with some charcoal, is distilled and 
redistilled until finally, by thua fractionating, a metal containmg 99 5 per cent Cd is 
obtained The low temperature of this distillmg permits the use of cast-iron retorts 
and sheet-iron condensers, which either are lined with some refractory materia] or are 
whitewashed with lime inside so as to prevent contaroination by iron 

Electrometallurgy — With the introduction of the process of electrolytic zinc 
extraction in the United States and Canada in 1915-191C, that process became a 
large source of cadmium production inasmuch as both cadmium and copper were 
bound to be leached along with zinc and necessarily had to be precipitated pnor to 
zmo electrolysis This purification is effected by adding zinc dust to the solution in 
such proportion as to throw down copper, which is filtered out and sent to copper 
smelting Such a precipitate may assay 70 to 75 per cent Cu, 1 per cent Cd and 3 
per cent Zn (reflectmg the excess of zme necessarily used) To the filtrate a large 
excess of zinc dust is then added, and the purified bquor is filtered off, leaving a zme 
cadmium sludge 

The zme cadmium sludge may be stociqnled m heaps, promoting oxidation and 
solubility in acid or oxidation may be expedited otherwise, e p , by spreading it on a 
platform and steammg it Either way the cakes will probably have to be disinte- 
grated, which may be accomplished bj attrition in a pebble mill There may have 
to be a precipitation of cobalt, requumg the use of aonte reagent, e g , nitroso-beta- 
naphthol or potassium xanthate However, the electrolysis of cadmium sulphate 
solution is not very sensitive to impurities, and their removal by zme-dust precipita 
tion is generally adequate It is impossible to wash all the entrained zmc from the 
cadmium sludge, so zmo is a cumulative impurity in the electrolytic cycle It is 
controUed by precipitation with milk of lime It is only necessary to maintain the 
zmc m the electrolyte at a pomt where the excess of cadmium over zmc in the spent 
electrolyte is of the order of 10 to 15 g per I 

In the trial stage of cadmium recovery, the sludge 13 dissolved m spent electrolyte 
and subjected to electrolysis either with rotatmg cathodes or with stationary cathodes 
which are of aluminum as m zmc electroljmis Cadmium has a strong tendency to 
deposit as buds, sprouts, and trees These are obviated by the use of rotating 
cathodes, or with stationary cathodes when cell temperature is mamtained at SO W 
and with the addition of ghie to the electrolyte A deposition of 1 lb of cid 
mium per 1 04 kw hr of direct current, compared with 1 5 kw hr for zmc, w realized 
The plant factor is of course higher by virtue of the loss in changing from alteinatiJig 
current to direct current and the mechaiacal power that is required m plant operation 
In American practice, stationary cathodes are generally used and with the mio® 
cell construction and operatmg conditions as for the electrolysis of zinc Wi 
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3.5-in. spacing between cathodes, tlie cell voltage is approximately 2.G to 2.7 and the 
current density about 4 amp. per sq. ft., hut in some practice it is as high as 10 amp. 
The cell feed may contain per liter 100 g. of cadmium, 80 of zinc, and 70 to SO of 
HjS0<, and maj" he as liigh as 200 g. of cadmium and as low as 30 g. of zinc. Cathodes 
arc stripped every 12 hr. in some practice, every 24 hr. in other practice. They are 
melted in a cast-iron pot, electriciilly heated to 400 to 450°C., under a thin layer of 
caustic soda to prevent oxidation; and the pot is well hooded to carry off oxide fume. 

After the cadmium has been dissolved and is ready for electrol 3 'sis, the recoveiy 
ns ingot is about 90 per cent. If the raw ore is roasted without special means for 
collection of dust and fume, the over-all recoverj’^ maj' be 84 to 85 per cent. If the 
roasting furnaces arc connected for .sulphuric acid manufacture with thorough pro- 
visions for collection of dust and fume, over-all rccoverj' maj’ be 90 to 95 per cent. 
Elootrolj’tic cadmium is of 99.95 per cent grade, or better. 

Hydrometallurgy. — In the use of roasted Tri-State ore for the manufacture of 
ordinar 5 ' zinc lithopone, it is nccessarj’’ to remove cadmium just as it is for clectrolj'sis. 
Such ore has been partially' dccadmiumizcd by a water loach, but that has not been a 
general practice, which is rather to take out the cadmium with an acid leach. From 
such a solution the cadmium is precipitated by addition of an excess of zinc dust, 
affording a zinc-cadmium sludge. As to purification the requirements for a solution 
of zinc sulphate for lithopone are almost as refined as for electrolysis. The sludge 
obtained in this way' may assay 35 per cent Cd, 46 per cent Zn, and 21 per cent water; 
or 54 per 'cent Cd, 16 per cent Zn, and 30 per cent water. These analyses vary- 
naturally according to the excess of zinc dust that is used. The cadmium in such 
slndge is sold by the manufacturers of lithopone at something like 75 to 80 per cent 
of the price for cadmium in sticks, pencils, and other refined forms, manufacturers of 
cadmium pigments being the buyers. Digesting the sludge with sulphuric acid and 
obtaining a solution of CdS04 or CdSOj -k ZnS 04 , the sulphides of those metals may' 
be precipitated with a solution of barium .sulphide to make cadmium lithopone; or a 
precipitate of cadmium sidphidc may' bo thrown down from an acid solution by' HzS. 

Pyrometallurgy’ — ^Recent. — 'When the sintering process for desulphurizing and 
fritting zinc ores was introduced, it was immediately noticed that the .smoke issuing 
from the chimney' dispersing the gases frequently' showed the brown coloration of 
cadmium oxide and, concurrently', that the cadmium content of the sintered ore was 
reduced or even all but entirely' eliminated. It was obserr'ed moreover that following 
the introduction of roasters of the McDougall ty'pc, roasting flotation concentrates 
with cy'clones, improved dust-settling chambers, Cottrell precipitators, etc., as 
appendages, there was obtained dust and fume rel.atively' rich in cadmium, c.g., as 
high as 4 per cent Cd and all of it water-soluble. 

An experience with an ore containing 1.05 per cent cadmium, or 21 lb. per ton, 
following introduction of sintering, is illuminating. From a roaster (of the McDougall 
t.vpc) 80 lb. of heavy' dust assay'ing 4 per cent cadmium was collected from 2000 lb. 
of raw ore. There was a further settlement of fume, but 1 lb. of cadmium per ton of 
ore passed through the Glover towers and into the sulphuric acid. The calcines 
weighed 1700 lb. and ns<;ay'cd 0.65 per cent cadmium, and the sintered cake assayed 
0.375 per cent cadmium. The first draw' of spelter w'eighed 204 lb. and assayed 1.25 
per cent cadmium; the subsequent draws, aggregating 680 lb., assayed O.OS per cent 
cadmium. The cadmium accounting in terms of pounds per ton of raw ore was as 
in the table on page 472. 

It is elc.ar that nearly all the cadmium in this ore could bo recovered by prox'iding 
suitable means, e.«pecially for expelling all the cadmium from the calcines (leaving 
none to go into the retorts) and collecting all the dust and fume from both the na.sters 
and the sintorers. In the experience here summarized the volume of gas from the 
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wntcrer 462 000 cu ft at 218^ per ton. of calcined ore, -a hich could have been 
greatly reduced by sealing the side openings between pallets and wind box (see 1he 


chapter on Pj rometallurgy of Zinc) 

In flue dust from roasters 3 2 

In fume from roasters 5 8 

In sulphuric acid 1 0 

Loss in sintering 4 6 

Content of first draw of speller 2 6 

Content of subsequent draws 0 5 

Content of blue powder 0 5 

Content of retort residue 0 2 

Escape from condensers, by difference 2 G 

Total 21 0 


These obsenations became the basis of the improved metallurgy among zme dis 
tillers who m view of the increased demand for cadmium after 1935 aimed to recover 
the large cadmium content of Tn State ore that previously had been wasted In 
order to occompliah this the process of sintering was adjusted so as to increase the 
eUmination of cadmium, especially by preventing its condensation m the lower part 
of the bed on the pallets after it had been volatihzed from the upper part, this being 
largely a matter of temperature control and technique It was found also that by the 
addition of sodium chloride, anywhere from 05 up to 2 5 per cent, the Well known 
chloridizing reaction could be realized, with nearly complete elimmation of bolh 
cadmium and lead Another expedient was moistening the ore with a solution of zme 
chloride 

Thc«c proposals were founded on the idea of decadmiumizing and delcadmg zme 
ore with the objective of producing high grade spelter At this time, about 1930- 
1933 cadmium was in poor demand Later it became worth while for zinc smelters 
In «avc cailmnim that they liad previously been wasting This involved naturall) 
a iwluction of the volume of the sintering gases by beUer sealing of the windlwa anil 
precipitation of their fume by means of Ckittrelb 

In works practice the dust and fume from the roasters in oxidized form and tl e 
dust and fume from the sintercrs containing cadmium chloride, lead chloride and 
any of the excess of zinc chloride that has been volatilized, are mixed and digested with 
sulphuric acid Lead sulphate is filtered off Cadmium may then be precipitated 
bv the addition of zinc dust, and the filtrate contaming zinc sulphate and zinc chloride 
is returned to the sintering process, while the cadmium precipitate is refined b) 
distilling or otherwise 

By the r*ew Jersey process of refining spelter bj redistillation cadmium comes off 
in the form of cadmium zinc metal or a cadmium dust, which is readily converted to 
metallic cadmium bj anj one of the several knowm methods This was done prior 
to the war at Duisburg, m Germany, by the Thede and J^ew Jersej processes m 
combination 

In addition to the methods already d^enbed, there is a good deal of cadniiuni 
produced by the silver lead smelters, which in treatmg zme ore obtain considerable 
quantities of cadmium in their flue dust Treatment thereof for cadmium recover} 
has been sufficientl} suggested without going into details 

Out of the production of metalbc cadmium in the United States m lO-ll, a(tgr^» 
mg 3220 tons, the electrolytic producers in Idaho and Montana afforded 970 There 
IS also a considerable production of cadmium that is obtamed as direct 
compounds, especially cadmium sulphide, for which there is use as a pigment ei 
as such alone or m cadmium lithopoue 
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MERCURY 

By Gordon I. Gould^ 

History and Mines.^^ — Quicksilver, or mercury, seems first to have been mentioned 
l)y Aristotle, who referred to it as fluid silver {argyros chytos). Theophrastus, about 
315 B.C., states tliat quicksilver is obtained from cinnabar rubbed with vinegar in a 
brass mortar with a brass pestle. Dioscorides, about a.d. 50, appears to have first 
mentioned the rccovcrj' of quicksilver (which he called hydrargyros, liquid silver) by 
distillation, stating, “An iron bowl containing cinnabar is put into an earthen vessel 
and covered over with a cup-shaped lid smeared with clay. Then it is set on a fire 
of coals, and the soot which sticks to the cover when Aviped off and cooled is quick- 
silver.” Plin 3 q about a.d. 50, reports both these methods. Agricola in his “De re 
mctallica”[]], published in 1554, gives the first detailed description of several methods 
in use at that time, all distillation processes. 

.Altliough recorded production data are comparativelj' modern, Becker[2] estimates 
production in terms of 75-lb. flasks up to a.d. 1700, and thereafter with greater 
accuracy up to 1880. Since that time, fairlj' accurate records are aA’ailable. Up to 
1700, lie estimates the Avorld production as appro.cimatelj' 1,800,000 flasks; between 
1700 and 1800 an additional 2,375,000 flasks were produeed; from 1800 to 1900 
Becker’s estimate plus more aecurate records indicate approximately 5,890,000 flasks; 
from 1900 through 1940, it is estimated that an additional 4,560,948 flasks Avore pro- 
duced. The estimated total Avorld production, therefore, approximates 14,625,000 
flasks; although other authorities have reported it to be as high as 18,000,000 flasks. 

It is interesting to note that the Almaden Mine in Spain has probablj' been 
responsible for more than one-third of the total production and the Idria Mine in 
Italj' approximatch’ one-quarter of the total production. Other large producers 
include the Santa Barbara mine in Peru, the Abbadia San Salvatore mine in Italy, 
the New Almaden mine and the New Idria mine in California,' and the mines of 
the Chinese proA'ince of KAvei-Chau. Although quicksiU-er production in recent 
years has come from no less than 20 countries, Spain and Italj' continue as the largest 
jiroducers (approximatclj' 70 to 80 per cent combined), Avith the United States third 
and Mexico and Canada following. 

Within the United States many ncAv mines haA'c been discovered during the past 
few j'cars under the impetus of increased prices and AA-artime demand; hoAA’CA'cr, bj' 
ftvr the. larger part of production continues to come from the older mines and probablj' 
AA-ill continue to do so. Tliis situation also exists throughout most of the rest of the 
AA-orld, although important recent discoA'crics haA’c been made in Canada. 

Production and Prices. — Table 1 indicates the Avidelj' fluctuating production and 
price range that is characteristic of the indu.strj', cA’cn before the j-eiirs cited. 

This Avidc range of price has played an important part in goA'crning the size of the 
quicksilver industrj’ Avithin the United States, Avhere the ores treated arc of much 
lower grade than in other countries. Only 10 mines contrilmtcd to the total American 

' ContuUiTiR cuRinff'r, San Francisco. Cnlif. 

* llcfercjiccs in brnckct.s arc to similarly numbered references in the Bibliography at the close of tlie 
chapter. 
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production in 1922, whereas there were 197 producers m 1911 Likcw I'm?, the develop, 
ment of ore reserves, mctallurgieal progress, and long range planning have been 
handicapped by the wndc fluctustion m price anti by market manipulation by foreign 
producers controlling the bulk of production 


Tault 1— PnoDuenoN and Pmera or Domestic Qcicksh-veh, 1010-1914 


A ear 

Produc- 

tion* 

Price* 

kfvr 

Prodiic- 

liou* 

Price* 

^ear 

Produc- 

tion 

Price 

1910 

20 

330 

47 

f)9 

1922 

6 291 

59 

74 

1934 

15 

4S5 

73 

87 

19U 

20 

97G 

47 

16 

1023 

7 R33 

67 

30 

1935 

17 

MS 

71 

09 

1912 

24 

731 

43 

03 

1924 

0 052 

70 

69 

1936 

IG 

u09 

79 

92 

1913 

19 

947 

40 

07 

1925 

9 053 

8-1 

24 

1037 

16 

508 

90 

18 

1914 

IG 

330 

48 

95 

1926 

7 641 

03 

13 

1D38 

17 

991 

75 

47 

1915 

20 

756 

88 

17 

1927 

II I2S 

II8 

16 

1939 

IS 

633 

103 

94 

1949 

20 

53S 

127 

10 

192S 

17 B70 

123 

51 

1040 

37 

777 

176 

67 

1917 

35 

683 

107 

72 

1929 

23 082 

122 

15 

1911 

44 

921 

18.5 

02 

1918 

32 

450 

125 

12 

1930 

21 653 

115 

01 

1012 

SO 

846 

190 

35 

1919 

21 

133 

93 

3S 

1931 

24,917 

87 

35 

1943 

51 

929 

19a 

21 

1920 

13 

21G 

82 

20 

1932 

12,622 

57 

93 

1914 

22 

lOO' 

126 

17 

1D2I 

fi 

250 

40 

07 

1933 

0.669 

59 

il 









• Production sod prie* ficurc* for tb« >e«f» lOKKIO"*® «»Ieul»t*<l to Uie TWl> P*f buu from 
VVitIWH) vhtri used 

^Crtimtrd proiluction fint cii monita lOII 

AH pricn are based on (be svertfs moothly nooUtion of EistHttring sad iitnxnf tfeMrast Ne* 
^MV 

Properties and Uses '-Quicksilver is the only metal that is luiuid at all ordinary 
temperatures (Gtllmm melts aVSO 1*C ) This fact quuenaturally was Te«po«s5blo 
for many early conjectures as to its fme nature and na vvtll gave it a rather mj«tic 
position in the hands of the early alchemists Today, the same property makes it 
useful, if not indispensable, m many appbcntions m industry, the ecienees, and 
everyday use 

Quickavlver, the metal, has an atomic weight of 200 01, a valenec of either 1 or 2 
and a specific gravity of 13 595at 4*C The melting point la —38 85 ®C , below which 
it 13 a white malleable ductile metal The boiling point la 357 25'C , above which 
it 13 a colorless vapor having a density of 0 7 to 7 03 As a metal, it has relatively 
low thermal and electrical conductivity and la soluble in nitnc acid, aqua regia and 
hot conccnliated sulphuric acid but is not soluble in by drochlonc or dilute sulphuric 
acvd 

In chemical combination it bas a wide variety of u'sea Although mo^t of the 
salts are consumed in relatively small quantities, the bichlonde (corrosive ®iibliinate) 
and the chloride (calomel) arc used m substantial quantity Accurate mformstion 
as to the specifie uses to which quicksilver w put is neither compiled regularly not is 
it probably aery accurate, bowevrer, Table 2 ehows in a general way the distribution 
and trend of the various uses All figures are submitted by the authors as estimate® 
and It must be pomted out that the first two and the last two veers cited represen 
wartime distribution Especially m 1942 and 1943, this undoubtedly accounts or 
the large undistributed quantity bated under Other , 

It is stated that half or more of the quantity show n under Rediitdled for 1942 an 
1943 was used in industrial and control mstmroeDts In 1925, the dental preparations 
included at least some of what would otbenvise be classed as redistilled 
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Table 2. — ^lisTiMATfw Distbibvtiox of Uses of Quicksilver 



1917“ 

1918» 

1928' 

1942'' 

1943''’' 






8,088 

1,198 

14,192 

533 










7,486 

365 




1,533 






Drugs and chemicals, total 


12.180 




32.11 

Fulminate 

|li 

n 

Vermilion 





Felt inanufaeturc 

Iwr 




Amalgamation 

850 

453 

1^ 

22 

0.05 

Antifouling paints 

3,000 

2,700 

630 

2,905 

2,687 

676 

wm 

2,578 

2,988 

3,365 

4,679 

4,925 

331 

5.15 

Klentneal apparatus . . . 

2,556 

2.996 

4,550 

5.97 

Industrial and control apparatus 

3,529 

3,802 

6,175 

294 

6.73 

Catalyst (in elcctrolj'tic preparation of 
caustic soda and chlorine or glacial 
acetic acid) 

lllQ 

9.35 

9.84 

Hcdistillcd 



General laboratory use 



628 

0.66 

30.14 

Other, or not above classified or com- 
bined 


1,000 

2,846 

17,148 

15,077 

Total 

26,360 

36,166 

34,942 

47,737 

50,080 

100.00 



« Ransome, Quick silver C^.5, Geo(. 5urrei/» **Mincnvl Resources of the United States/’ part I, 1017 
I). 38-1, 

* Rakbome, Political and Commcrcnl Control of Mineral Resources of the 'World* U,S. Dept, of the 
Interior, No, 4. 

* SentJETTB, Quicksilver, t/.S. Bur, Mines Bull, 335, p. 147, 

Mineral Market Reports, Mercury in 1043, l/.S, Bur. Mines, No. MMS 1141, p. 3. 

* Includes only January-November, 1943. 

/ PercentaRe of total consumption, January-November, 1943. 

The use of quicksilver in the felt-manufacturing industry has been largely dis- 
placed, owing to the health hazard and state prohibition of the further use of the skin- 
irritating mercuric nitrate; amalgamation has further and further been replaced by 
other procious-motal bcneSciation processes (and the current wartime restriction order 
prohibiting the operation of gold mines); the fulminate consumption has been largely 
reduced owing to satisfactory substitution in military requirements; and antifouling 
paints continue at about the same pace, though resisting substitutes have been devised. 

Iflectrical ai)paratus has probably shown a greater increase than is apparent in 
the figure for 1943, and industrial and control apparatus is increasing greatly; general 
agricultural uses and requirements by the textile iiidustrj’ may well advance in the near 
future in consumption of the organic mercurials. 

Although tlicrc are many uses and many industries in which quicksilver has been 
substituted for or otherwise displaced, there have been a far greater number of new 
uses developed, the aggregate consumption of which indicates a gradually increasing 
demand for the metal which undoubtedly .assures the requirement for increased pro- 
duction. This incrc.ased production will have to come from lower grade ores, and 
metallurgical offieiencies will ncce.s.snrily have to be kept at the highest possible point. 

Metallurgy of Quicksilver.— .Mtbougb the metallurgj' of quicksilver is probably 
one of the simplest, it Inrs undoubtedly been subjected to as many variations as that 













476 


NOmLRIlOViy MLTALLVnGY 


of the more refractory metaU The treatment proccaacs are first limited in that there 
la only one important ore mineral This mineral is cinnabar ahich is the sulphide 
(HgS), a bright vermilion mineral Although varying from a bright vermilion color 
through brownish reds to near black, it alwass shows the bright vermilion color on a 
fresh surface or by streaking It contains 86 2 per cent quicksilver and 13 8 per cent 
sulphur the specific gravity is 80 to 8 2 the Imrdness is 2 to 2 5, and the sublimation 
temperature is approximately 580*C A for less important (though rather coimnon 
at some mines) mineral is mctaeinnabarite, a mineral of exactly the same composi 
tion but differing in crystal form, this la always brownish black to black in color 
Native quicksilver is not at all uncommon, though seldom occurring m quantity m 
any mine Cinnabar mctacinnabarile, and native quicksilver arc the pnnie con 
tnbiitors to all mercury production except that at the Huitzuco mine in Mexico the 
metal IS obtained from Uvingstonite the double sulphide of antimony and quickfilvcr 
At a few other mines the occurrence of the oxide, chloride, oxychlorides, and other 
rarer minerals or e imbinntions with eome lead or line minerals, has been shown 

Cinnabar has been found m many rock types, a factor of considerable importance 
to tho treatment of the ore Suhstantuil dcposita hav e been found in sandstones 
shales limestone, serpentme, andcMtc, rhyolite, opahtr, and tuff ITic variety of 
host rocks and their dificrenccs in physical charnctenstics and accessory or secondary 
minerals must be well understood m order to assure cHlciont treatment 

Tho most important factor limiting the number of treatment processes is the low 
Bubhcnation temperature, above which the quicksilver u volatilized and may be 
recovered by condensation The fact that this operation may be perlormed rclativ ely 
cheaply with an evccllent metallurgical recovery and yield a very high purity metal 
in one aperation puts all combined ptoecescs (since they must all eventually rosat to 
make final recovery) at a distinct disadvantage 

Consequently from the prC'Christian era, the roasting of quicksilver ores has been 
not only the most popular but for the inost part, the most efTicient method of recov ery 
There have been, however several other methods used, including a v ancty of gravity 
conceatration plants, several flotation plants, gravity and flotation eomhincil, and a 
few chemical plants Those methods arc briefly explained, following a description 
of the more popular roasting methods 

The Roasting of Quicksilver Ores — ^The roasting of quicksilver ores depends on 
raising the temperature to near or above the sublimation temperature of cinnabar, at 
■which point the quicksilver is volatile (as racrcunc sulphide vapor) and subject to 
condensation and collection The process, therefore, is divided into two distinct 
operations, j < , (1) volatilizing the quicksilver and (2) condensing and collecting it 
The furnace or retort and the condenser, therefore, are the principal items of equip" 
inent, although more or less auxiliary equipment is required to complete the operation 
wwi wtOl hyi 'i'araiwnd. w. *}!/vs. 'niiA’i 

Retorts — The retort is the simplest form of recov ery plant for treating quick 
silver ores, and masmuch as it requires m addition only a simple condenser and 
simple firing equipment, it will be described ns a complete unit Retortmg is dis- 
tinguished from furnacmg in the fact that retorted ore is heated indirectly, 
whereas furnaced ore is heated directly with the gases of combustion 

The popular retorts treat one batch of ore at a time in a cast-iron pipe of v anous 
shapes The ore upon heating gives forth via mercuric sulphide vapor froin whicli 
the sulphur must be oxidized to permit the subsequent cooling and condensation of 
the volatile quicksilver In most operatrons, air is depended upon to supply the 
necessary oxygen and is supplied to the inside of the retort by either natural or induced 
draft In the former ease, the air circulates by convection, in through the condenser 
pipe over the bed of ore and out throu^ the same condenser pipe In the latter ease, 



MERCURY 


All 


the air is usually blown in through the end of the retort opposite to the condenser- 
pipe outlet, from which it travels, over the ore and out the condenser pipe. Other 
designs of continuous-operation retorts often depend on leakage of air through an 
ore seal to provide sufficient air for the oxidation of the sulphur. 

Under these conditions, the chemical reaction taking place is 

HgS -f O 2 = SO. + Hg 

In treating some ores containing relatively large amounts of sulphur as in high-grade 
ores, ores containing considerable amounts of pyrite, marcasitc, stibnite, etc., it is 
sometimes desirable to add a flux to assist in the oxidation of the sulphur. This may 
bo lime or iron filings or scrap, the former being more commonly used. When such 
a flux is used, the reaction is 

4 HgS -h 4 CaO = 3 CaS -f CaSO< + 4 Hg 
or 

HgS + Fe = FeS -f Hg 

Tlic addition of such a flux is quite necessary in high-sulphur ores in order to free the 
volatile quicksilver. It is not uncommon, in an improperly ventilated or underfluxed 
retort operation, to find the formation of synthetic cinnabar, often as long acicular 
crystals, in the condenser pipe. Similarly, free sulphur may also be deposited and 
cause additional difficulties in cleaning up the product. 

Because the retort is simple, there have been numerous designs. Hetorts were one 
of the earliest devices used for the recovery of quicksilver. Duschak and Schuette[31 
report that clay retorts were used at the Idria mine until 1641, when metal retorts 
were first used. Modern retorts, however, include three general types, each varying 
according to the manufacturers, who are often the small operators. 

The D retort consists of a cast-iron body designed to be set horizontally and on the 
flat side of the D, i.c., R . The common size is 20 in. across the bottom bj' 12 in. high 
and 8 ft. long. Wall thickness is IJ^ to IJ^ in. It is closed at one end, and the other 
end is flanged to take the head, which adds another foot to the length and contains a 
side exit with flange for a 4-in. cast-iron pipe. The head bolts to the body of the 
retort and is provided on the front with a recess to accommodate a cast-iron door, 
securely hold in place by a yoke and screw or iron wedges. The heads can bo built 
with either right- or left-hand exits so that they maj’’ bo set side by side in pairs. To 
the flanged exit, a cast-iron pipe usually 4 ft. long starts the condenser. To the end 
of this pipe, sot on a slight downward inclination, is screwed or flanged a 4-in. iron 
cross, and another 4-in. pipe about 8 ft. long inclines downward but parallel to the 
body of the retort. Tiie other two outlets in the cro.ss are plugged but provide out- 
lets for cleaning. This piping constitutes the average condenser; however, the long 
condenser pipe may discharge into a concrete box, a system of small tanks, or other 
devices deemed necessary by the operator to increase the efficiency of his condenser. 
The condenser pipes arc air-cooled or may be water-cooled by dripping water on 
sacks laid over the long pipe or by more elaborate sj’stcms of water-jacketing the pipe. 

'Die retort body and head arc set up in a brickwork about 5 X 10 ft. in plan, the 
bottom of the retort being about 3 ft. 3 in. above the working floor. For heating, a 
firebox is built into the brickwork at the end opposite the retort door and condenser- 
pipe outlet and under the retort. The firebox may be designed for wood, fuel oil, or 
other fuels. A small flue leads the gases of combustion from the firebox toward the 
feed end of the retort, and at the head two vertical flues carry it upward to the eleva- 
tioti of the retort. It then travels back o\-cr the top of the retort body to the lire end 
of th.? retort, thence vertically upward through a stack. It is common practice to 



478 


NONFEItnOUS METALWUQY 


use 3 to 6 m of firebrick, tile, or aanil insulation betivecn Ibc lower flue and the 
bottom of the retort body to protect it from csccssivc heat, but on the return the 
bare retort is exposed to the gases of combustion AUbougb the usual retort body 
and head arc made of east iron, they have been successfull) made of chromium iron 
with vary ing chromium content TJiese lias c the advantage of resistance to corrosion 
by the sulphurous giscs as well as oxidation and are better nble to withstand o\er- 
heating without damage 

In operation the ore or other material is usually, but not always charged m three 
or tour steel pans to facilitate charging and discharging the material Material 
charged should not exceed to 2 in , and on finer material the capacity must usuallv 
be deercssed or the burning time lengthened On relatnely clean ore without 
excessive fines a charge of 7S0 to 1000 lb can be charged to the retort c\ cry 12 br^ 
giving it a daily capscity of ^ to 1 ton per 21 hr If they are act up in pairs the unit 
would have double this capacity Although a Ic\v retorts have been eriuipped with 
thermometers they arc usually opcraleil by observation through peepholes in the 
brickwork the retort being kept at a duU red heat by manipulation of a damper in 
the stack Operating in this manner usually consumes about H to of a cord of 
wood or 25 to 35 gal o! fuel oil per day Tlicsc quantities are subject to variation in 
operation character of wood fuel and character of material being treated If oil 
fired, the burner usually consists of a relatively simple oil burner of the low-air pressure 
atomizing type, or an oil mantle burner 

The coat of tho ironware dcscribeil above, plus steel buckstay's for the brickwork, 
stack and fire door and frame, for a double unit is approximately $1200 About 
3350 common red brick and 4000 firebrick are used in setting up a douhle-D retort 
Together with oil firing equipment the estimated cost of such a unit is $2500 to 
$3000, depending on location, etc 

The Johnson McKay type of retort consists of n battery of round cast iron pipes, 
usually 12 in in diameter by about 6H ft long Although the standard setup usually 
included 12 pipes, they have, in various installstions, ranged from one pipe up to s 
dozen or even more They have, likcw ise, been made of pipw of v arying dimensions 
however, in principle they ronfomi The pipes are set horizontally and like the D 
retorts are closed on one end except for a hole to receive a 3-in condenser pipe 8 ft 
long, which inclines downward TJio front cud of tho pipe includes a bell with a 
double shoulder to receive two lids which arc luted in place with mud or wet ashes, 
the outer door bemg more securely held in place, usually by a bar and wedges Tlie 
condenser pipes are most often cooled similarly to the method described for the 
D retort condenser pipes 

The pipes are supported in a brickwork which, however, is quite different from 
the D retort structure In the D retort tho heat passes from the back of the retort 
to the front, up and back over tho lop of the retort to the back, and out through a 
stack In this type of retort, a firebox is budt at one side and for the length of the 
pipes and the heat passes through aev eml flues under the pipes and at right angles to 
them for as many pipes as there arc in thermit, it then rises to an elevation above the 
pipes and returns over them to the upper part of the firebox where it is exhausted 
through a stack. Similar practice is followed in protecting the lower part of thepiy^ 
by insulation from the lower flues, although the upper portion of the pipe is exposed 
to the direct heat 

In operation the ore is charged by long handled scoop shov els directly into t^ 
pipe and discharged by hoeing out the burnt ore From 2o0 to something over 300 
Ib of ore can be charged to each pipe thus giving a 12-pipe unit a capacity of about 
fo 2 tons per 24 hr , charging eadi pipe twnce a day This is usually performed 
by chargmg one pipe each hour makmg *^o cycles per day The wood consumption 
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is roughly 1 to cords per day, so that by comparison with the double D retort, 
approximately twdee the amount of fuel is required. This is easily understood in the 
more compact construction and the use of larger pipes in the D retort. 

Rveept for installations of one, two, or possibly three or four pipe units, no retorts 
of this type have been built in recent years, so that estimates of cost might be rather 
inaccurate; in any event, it would considerably exceed the cost of the more popular 
D retort. The smaller installations that have been made have often been cheaply 
and poorly built and represent only an attempt to "get by cheaply.” 

A third type of retort, which though vcr 5 ’- much underdeveloped has been popular 
during the past few years for prospecting or for small operations, is the inclined-pipe 
retort. It has been built in a varietj- of sizes and by nearly ns many designers as 
there are users; however, thej’ arc all similar in principle. Most of the units have been 
constructed of pipes, either cast iron or standard steel, ranging in diameter from 
about 10 to 16 in. and in length from about 6 to 12 ft. The pipes are set up on a 
45-deg. incline and are fed at the top and discharged at the bottom, the discharge 
being accomplished by raising a door and allowing the material to slide downward 
through the pipe. Although practice varies, an ore eharge is usually left in the pipe 
for 8 to 12 hr,, then the whole charge is withdrawn and a new batch fed in through the 
top. Feeding at the top of the pipe may be by hand shoveling or by chute from a 
small ore bin, and the top seal usually consists of an iron plate luted to the pipe with 
clay or wet ashes. 

Near the top of the pipe, a eondenser outlet pipe 2 to 4 in. in diameter is cut into 
the pipe to provide for the exit of the quicksilver vapors, and because air is admitted 
through an ore seal at the lower end of the pipe, the gas volume (air) through this 
type of retort is usually considerably more than in other types of retorts. Conse- 
quently, more elaborate eondensers arc used and usually have consisted of various 
styles of piping of small diameter (2 to 4 in.) -with wooden barrels, tanks, or other 
settling chambers interspersed. 

Because of the slope given to the pipe and the fact that this feature lends itself to 
construction on a side hill, this retort has often been referred to as the “side-hill 
retort.” They arc often built in multiple units up to four in a group and are so 
designed that a masonry pier supports the upper and lower ends of the pipes. Side 
walls with one or more arches of clay, rock, or brick, over the pipes, provide a shell 
around all the pipes, and a grate is btiilt behind the lower pier and under the pipes. 
Fuel of all types has been used, and the heat circulates up and over the pipes to the 
upper end of the pipes, where it is allowed to escape to a damper-controlled stack. 

Bj' their very design, this typo of retort is capable of a greater capacity than the 
horizontal-pipe retorts; however, the absence of good design in the firebox and enclos- 
ing shell has resulted in poor distribution of heat with consequent reduced capacity 
or, more often, incomplete roasting of the ore and reduced recovery. The variety 
of sizes and designs precludes the possibility of making accurate cost estimates on 
this typo of retort, although they have mo.stly been cheap installations. If designed 
and constructed with the .same care and materials as arc used in the other type.s men- 
tioned, it seems probable that their cost per unit of capacity would bo about the 
.same. Fuel consumption is high, although this might be materially improved with 
sound design. 

Although these three tj-pes of rctort.s represent the most commonly used typos, 
there arc many others ranging from pot stills to single and multiple rotarj- retorts of 
elaborate design. Few, if any, of these have gained as much favor or stood the test 
of operation ns well .ns the types described above. 

The retort, as has been shown, i.s a small reduction plant, high in cost per unit of 
capacity; althoxigh subject to many variations, it can be made to operate quite 
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efficiently An objectionable leatvitc of all Tetoit operations is the manual tharginj; 
and discharging operation, which causes exposure to quicksilver fumes Man^ arrange- 
ments and many devices including hoods, blowers, lids respirators, and other pro- 
tective devnees have been tried, but the retort continues to subject the workman 
to the fumes causmg salivation The substantia! portion of production js made in 
the larger furnace units, but there will probably always be a place for the retort 
Ihey are cheaply installed by the small operator, either as a production unit or as a 
prospecting tool they are used occasionally by the furnace operator to assist in clean 
mg up mud and soot, or they are used to retort concentrates from milling operations 
In the chemical field, they have a very definite place m the reco\ery of secondary 
quicksilver from scrap or in reclaiming the metal from mercurial salts 

Furnaces — The treatment of quicksilver ores in furnaces differs from retort 
operation as previously stated, in that the heat is applied directly to the ore and the 
gases of combustion are combined with the volatile products liberated by healing the 
ore In contrast to retort operation, w here only a small amount of air is available for 
oxidation of the sulphur, furnace or direct-fire treatment of the ore makes available 
larger quantities of air The amount available as excess over requirements for com- 
bustion of the fuel, therefore, is of extreme importance It must provide sufficient 
oxygen to combine with all the sulphur released by the cinnabar of other sulphides 
which may dissociate withm this temperature range and to combine with certain 
other volatile elements such as arsenic or antimony Ao> larger quantity only 
requires additional fuel for heating and increases the volume of gases to be handled 
In practice, it is necessary to maintain an excess over theoretical requirements in 
order to assure contact and a sufficient volume for sweeping the quicksilver vspots 
from the furnace In addition to this difference, furnace treatment usually infers 
greater capacity and continuous operation 

Although It was probably not the first fumaemg operation, as above defined, 
Ldpez Saavedra Barba is given the credit for inventing, or at least first applying, the 
shaft type of furnace to the treatment of quicksilver ores Tins was in 1633 at the 
Santa Barbara mine in Peru The success of this tj pe of furnace led to its introduc- 
tion at the Almaden Mine m Spam by fiustamente, where a number of them were 
built W'lthm the next twenty five years They have since acquired the name Busts 
mente furnace, and many of these ongmal installations, now 300 years old, are still 
m use 

Furnaces built up to 1916 (with only a few exceptions thereafter) are generallj 
referred to as the ‘ brickwork furnaces,” becau‘ie of the massive brickwork ncces'^ary 
to contain them Since that tune, the “mechanical fumaces'’ have taken over and 
are today the only type in use 

The brickwork furnaces were of several designs, originatmg probably with simple 
iftnAt Pomaces Tims design was’iater modified, and the shell or tile luinacesWri^ 
more popular owing largely to the requirement for treatmg fine ore A tabulation of 
furnace types follows 
Brickwork furnaces 

1 Intermittent typo 

a Simple shaft furnace 

b Bustamente, mvented in Peru, 1633, and developed at the Almaden m 
Spam 
c Neat 

2 Contmuous type 

a Exoli, developed at ideta, 1872 
6 Knox Osborn, developed m California from 1872 
e New Idria Coarse Ore, developed at New Idria, 1900 
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d. Spirok, developed at Idria about 1910. 
c. Kroupa, developed at Idria about 1915. 

3. Shelf or tile furnaces. 

a. Knox & Osborn, developed in California, 1870’s. 

h. Huttncr-Scott, more popularly called the Scott, developed at New Almaden, 
1875. 

c. Cermak-Spirck, developed at Idria, 1886. 

4. Side-lull furnaces, 
a. Livermore. 

h. Fitzgerald, more properly a large side-bill retort. 

Mechanical furnaces 

1. Rotary furnace, developed at New Idria, 1916. 

2 Multiple hearth furnace, developed at Now Almaden, 1916, more popularly 
referred to as the HerreshofT. 



Fig. 1. — Co.arse-oro furnaces: I, New Idria typo; 3, Knox & Osborn; 3, Exeh iron-clad. 


While this is not a complete list of all furnace types, it represents the more soundly 
designed furnaces and those which have a production background. It represents the 
plants used not only in the United States but also in Spain, Italy, and other quick- 
silver-producing countries of the world. 

runiaces listed under Hrickwork furnaces, 1, 2, and 4, were all designated as 
coarse-orc furnaces. .\11 those under 1, also 2d, contained their fuel within the ore 
charge, and in those of the intermittent type the furnace w as charged w ith a layer 
of ore and a l.ayer of fuel until filled, the charges fire<l, and it was allowed to buni out. 
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The gases conlauiing the quicks Iver vapor were drawn off the top into condensers (to 
be discussed later under that heading) After the fuel had burnt out the furnace was 
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The change to the continuous-type furnaces in the ’70’s was required in order to 
gain greater capacity for the treatment of lower grade ores and the large demand for 
quicksilver for amalgamation by the gold-producing industry (in the tlnited States). 
Although considerable change in design was required, the principle remained the 
same as in the earlier shaft furnaces. For the most part, it meant arranging suitable 
gates, rakes, or doors for intermittently drawing off a portion of the roasted Ore, pro- 
viding for suitable charging doors at the top of the furnace, and adding a firebo.v, 
cither near the bottom of the furnace or part way up (New Idria coarse-ore furnace), 
as most of these furnaces depended on the application of heat from an external source. 
Kilns of the shaft type as under 1 and 2, being made of hea-^O" brick walls and requiring 
a minimum gas-volume travel through the charge, had relatively high thermal effi- 
ciencies but were not suitable for larger capacities. For best operation, the ore had 
to be all coarse; else the fines would fill the interstitial openings and blind off a section 
of ore from heating. This feature together with a requirement for a relatively dry 
feed, in part, led to.thc development of the shelf or tile furnaces listed under 3. 

1 _ , 

chamber- \ To dust collector 



Fio. 3. — Hotarj’ furnace 

The three furnaces, here listed, arc all known as fine-ore furnaces and, in addition 
to the reasons just pointed out, were developed because of the need for a furnace to 
treat the fine Ore made in bl.astiug for larger scale production. It was the custom 
at the older plants, where only coarse-orc furnaces were installed, to make adobes of 
the fines produced in cobbing or sorting. The adobes were made by mLxing the fines 
v.-ilh local mud into bricks (several sizes, though mostly about the size of a common 
brick) and sun-drying them. As the quantity of fines increased, this obviously became 
an expensive procedure, and there developed the need for a furnace to treat fine ores. 

Although there was rep\itcdly no collaboration or connection, one with the other, 
the three furnaces utilized the same principle in permitting ore to pass downward 
through a .shaft furnace thus keeping it from packing, to prevent blinding. This was 
accomplished in the Kno.\-0.sborn and in the Scott by feeding the ore at the top of 
the furnace into one or more shaft.s, in which tile set at an angle of 45 deg. and stag- 
gered was set in the side walls. The ore pursued a zigzag course downward from one 
tile to the next, the tiles being set 3 to 6 in. from each other at the edge. Feepholes 
permitted observation of the course of the ore as well as rabbling, should it hong up 
between tiles. 
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The essential difference betn een the Ivnox Osborn and the Scott was m the firebox 
and the course of the hot gasea through and over the ore In the Ivnox Oshotu, a 
firebox the height of the shelf sj stem was built on one side of the furnace The gases 
traveled horizontally across the furnace*, under the tiles and over the ore, to tno 
chambers on the opposite side In these, the dust settled and the gases, including 
the quicksilver vapor, were drawn off In the Scott furnace, a low firebox on one 
side vras used Hot gases from the firebox traveled across the lurtiace, as w the 
Knox 0®born, but only under the bottom two or three tiles At the opposite side s 
chamber recen ed these gases and reversed their direction so that they again traveled 
across the furnace, but in the opposite direction and the next tw o or three tiles higher 
There a similar chamber again reversed the direction for heating higher tiles and so 
on, depending on the height of the furnace At the top, the gases leave the furnace 
for the condensing system 

The Cermak'Spirek furnace, developed at the Idria mine in 1886 is similar to the 
above two types as to ore flow except that, instead of the flat tiles used for changing 
the direction of the ore, a pjramided arrangement of gable tiles accomplishes the 
same purpose In regard to heat flow, it is similar to the Knox Osborn and, unlike 
cither furnace, it is usuallj built lower and with more tiles 

Mechanical Furnaces — The previouslj described funicces are distinguished from 
the Eo^aUed 'mechanical furnaces” largely by the lack of machinery required in their 
operation About the only mechanical equipment required (and it was not alwajs 
used) was an exhaust fan for drawing the quicksilver laden gases from the furnace and 
through the condensing system and, at the same time, creating an adequate draft 
over the firebox for good combustion 

Tlio development of mechanical furnaces was possibly delayed (by comparison 
with the mechanization of other metallurgical processes) because of two principal 
factors (1) the brickwork manually operated furnaces made an excellent recovery 
when properly operated , and (2) the average quicksilver operation was small, subject 
to wide fluctuations of the market, and, consequently, usually not financially able to 
experiment with more expensive and complicated equipment 

In 1916, under demand created by the Second World Mar, it became apparent 
that larger tonnages ol lower grade ore would have to be treated It w ould not have 
been feasible to attempt to increase the size of the then popular Scott furnaces, and 
the break awaj from the brickwork furnaces began 

Although vanous types of mechanical furnaces hav a been built, the successful 
types are the rotary furnace and the nmUiple-hearth type furnace 

The rotary furnace is by far the most popular type in present use and has gamed 
this popularity largely through ite low initial and operatmg cost, its great flexibility 
find ease of control, and m most eases by considered design by the manufacturer to 
meet conditions encountered at the mdividual mine 

Three early attempts were made to apply the rotary furnace to quicksilver ore 
reduction although it was suggested as early as 1876 The first attempt was made 
at the Socrates mine m California in 1903, the second at the Aurora mine m California 
in 1911, and the third at the Abbadia &n Salvatore mine in Italy m 1913 Of the 
nrst two operations, little is known, however, their failure to remain in operation 
probably indicates their lack of success The Italian operation has been well described 
by Duschak and Schuette|3], who outline the difficulties encountered and later over- 
come to a certain extent 

The beginning of the rotary furnace, however, may be dated from 1916 
New Idrja mine in California At this property, an experimental furnace was installed 
in that year, and in the year fo]low]l^' four larger furnaces were installed The 
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s\icccssful operation of these furnaces led to their further development and many 
subsequent installations. 

The multiple-hearth type furnace was first applied to quicksilver ore reduction 
also in 1916 at the Senator mine in California and the Goldbanks mine in Nevada. 
Furnaces of this type, known as the McDougal, Herreshoff, or Wedge furnaces, had 
been successfully used in many other types of roasting operations so that the applica- 
tion to quicksilver ore reduction was mostly a matter of adjustment of operating 
conditions rather than a change of basic design. 

In both types of mechanical furnaces, a continuous flow of ore passes through the 
furnace, and while the ore is in the furnace, it is continuously moved, agitated, or 
stirred. This brings all particles into direct contact with the hot gases of combustion 
and permits the quicksilver vapor to be quickly drawn from the furnace atmosphere. 
In contrast to the brickwork furnace, ore remains in the furnace only 30 to 90 min., 
as compared with 6 or 8 hr. up to several days. Nearly complete extraction of the 
quicksilver from the ore is obtained by roasting the ore above the sublimation tem- 
perature of cinnabar and by providing sufficient air to oxidize the sulphur quickly. 

Rotary Furnaces. — The rotary furnaces used in quicksilver-ore-reduction plants 
are of the familiar cement-kiln type. They include a slightly inclined steel shell 
supported and rotated on two riding rings, or tires, and driven through a pinion by a 
ring or girth gear fastened to the shell. The riding rings revolve in trunnions and are 
usually spaced so that the weight of the shell is distributed evenly. The ring gear 
and drive is usually near the upper ride ring, although this practice is not universal. 
At each end of the shell, it is necessary to provide gas seals in order to prevent the 
leakage of quicksilver vapors outward or an inward leakage of cold air. The seals 
permit the shell to rotate in the stationary hoods at each end of the shell, usually 
referred to as the firing hood and the dust chamber. The ore is fed to the upper end 
of the shell by any of several types of feeders, and as the shell rotates the ore rolls 
and slides downward to be discharged at the lower end. 

In usual practice, kiln" are counterflow, i.e., the ore is fed in at the upper end and 
the burner is placed at the lower end so that the gases of combustion and the volatile 
constituents of the ore travel counter to the flow of the ore and are drawn from the 
kiln at the upper end. There are, however, a few exceptions, which are later described, 
in which the kilns ar-' parallel flow. In this arrangement, the ore is fed to the kiln 
and fired at the upper end and the ore is discharged and the gases withdrawn from the 
kiln at the lower end. 

Rotary-furnace plants are usually rated by the size of the shell, with all other 
equipment being sized proportionately. The tonnage capacity bears a definite rela- 
tion to the size of the shell used, although such factors as moisture content of the ore, 
size and character of the ore, sulphur content (as cinnabar, free sulphur, or other 
sulphides), and type of fuel used, all influence capacity. One manufacturer[4] lists 
the following standard sizes, with average range of capacity for each size: 


Standard Sizes of Rotary Kilns 


Diameter, in. 

Length, tt. ! 

i 

Tons per 24 hr. 

21 

18 

8-12 

24 

24 

12-25 

36 

40 

25-40 

36 

48 

40-60 

48 

64 

60-100 

60 

84 

i 

100-150 
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There hiAC been hilns of manj other sacs built, however, the sires shown f a\e 
been accepted as stiitahle under most circumstances A tvpical la' out for the 24 
in X 24 ft size together with other required equipment is shown m Pig 4 

The shells are constructed of rolled ated plate ranging from H thickness for 
the smaher sues to ^2 ''i 'w largest. Riveted. coBstcuction i& most commou, 
although several all welded shells have been used 



Iio 4 — Layout of 12- to 25-ton ratar> furnace plant 


In order to protect the shells and as insulation, thej nrealwajslmcdwithfirchric 
or other refraetorj material In the standard-eizc kilns, standard 4)^ m atch brif 
are usually Uwl, thus gi\ing an inside diameter 0 in less than the shell diameters 
luted Standard O-m cupola blocks are used m the CO-in diameter kilns because 
of thcdifTcroncc in the ahrosisc nature of vanous ores, vt » difficult to giiean a'ersRc 
brick life figure, howe'er, it will pro>>abl> range from 1 to 5 years of conlmuoiw 
operation Lining is a rclatiatly inexpensive and simple operation that can 
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accomplished in 2 to 5 days, including cooling and starting-up time, depending on 
the kiln size. In order further to insulate the shell and gain greater fuel economy, 
most brick linings in rotary kilns are rested on asbestos sheets between the brick and 
the shell. This material, 1 in. thick and 24 X 36 in. in size, keeps the shell tempera- 
ture considerably lower and also cu.shions the brick, thereby prolonging their life. 

The inclination of the shell varies from Yi in. per ft. in the largest size to in. 
per ft. in the smallest size. Variations are made not only as to kiln size, but also to 
assist in adjusting the depth of the bed of ore in the kilns. This is also accomplished 
by variation of the speed of rotation, which ranges between 30 and 90 sec. per revolu- 
tion. The kilns are driven by an electric motor, through V-belt drive to a worm or 
herringbone speed reducer and pinion to the ring gear. Motors installed range from 
1 to 7J-^ hp. with about one-half the installed horsepower being required for operation. 



Fig. 6. — Shaker feeder (8-in.). 


The seal rings (and expansion joints), located at each end of the shell, are of a 
number of types. A tight seal is necessary, although pressures seldom exceed in. 
of water, in order to prevent fume leakage or an inward leakage of cold air which 
would tend to condense quicksilver within the kiln or in the flues before roachmg the 
condensing system. 

The firing hood, a brick-lined steel hood at the lower end of the kiln, contains the 
burner equipment and also provides for the disposal of the roasted ore into a bin or 
hopper below floor level. The dust chamber at the upper end of the kiln derives its 
name from early practice, when this was a large chamber, usually with baffle walls, in 
which the gases from the kiln were supposed to drop their dust by reduction in velocity 
and while still hot enough to prevent condensation of the quicksilver. The develop- 
ment and application of dust^collccting deidces have reduced the dust chamber to a 
small, simple header for the kiln. 

Through the dust chamber, the ore is fed into the kiln. The feed to rotary kilns 
is never sized, and in kilns of the larger sizes, up to 3-in. material can be roasted with 
satisfactory extraction. The size is largely controlled by the feeder, and for the 
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smaller-size kilns, material up to IK ” successfully handled The most satisfactory 
feeder for handling all types of ore, nnsued, wet or dry, is the shaker feeder shonp m 
Fig 5 The feeder, driven by motor through a variable-speed reducer, has a wide 
range of capacity and i3 mechanically simple The ore is fed into the hopper by 
gmMty, and the feeder tube, rangmg from 5 to 10 in m diameter, resting on rolls or 
slides, is carried back by the rotation of the cam At ita point of masimiim backward 
travel, it is released by the cam, and spnngs pull the pipe forw ard against a bumper 
block, causing the ore to slide ahead m the pipe and on into the kiln A range of SO 
to 90 r p m of the cam and variable sprmg tension provide for easy adjustment to 
various operating requirements Where the feeder tube extends through the dust 
chamber into the kiln, a seal must be pro\jded to prevent leakage of fumes This has 
been successfullj accomplished by usmg a glass-cloth diaphragm attached to the 
feeder tube and to the dust chamber hlotors matalled for operation of the feeders 
range from 1 to 7K bp , and one-fourtb io one-third of the mstaUed horsepower is 
required for oiictalion 

Firmg Rotary Furnaces — Most American rotary furnace mstallations bai e used 
oil forfuel, however, wood, coal,bntane, and natural gas have been used BuUneand 
natural gas have the advantage of providmg a clean fire, easily controlled but cost 
usually precludes their use Coal has not generally been used because of the availa 
bility of other fuels and the fact that m order to obtain best results from this fuel the 
more expensive equipment required for powdered coal firing is required Wood has 
been used successfully at a number of mstallations where it was available and the 
transportation of other fuels was costly It u mere difficult to maintain uniform 
temperature using wood fuel and the greater volume of gases of combustion reduces 
the capacity of the plant matenally 

Oil firing consequently, is by far the most popular, and lends itself well to fieri 
liility, ease of control and economy of operation Fuels ranging from 12 to 33*B^ 
are used, the higlier gravity oil usually being used m the smaller plants because of its 
greater flcMbility It is of prime importance that, whatever fuel is used, good com 
hustion must result in order to prevent the aecumulatvon of soot or tars m the con 
donsing system together with the collected quicksilver Such soot or tars make 
Ihc separation of the quicksilver fat more difficult, as will be described under Soot 
Machmes 

Oil firing of Totaty furnaces has been accompliAed in both low pressure and higb- 
pressurc burners the latter predominating In either ty^ie, the burners are mounted 
on the firing hood and extend toward or into the lower end of the kiln In most 
operations the lower end of the kiln acts as the combustion chamber, however, some 
firing hoods have been constructed to contam the mixing chamber, ignition block 
and combustion chamber, with only the hot gases of combustion entering the kiln 
Considerable progress has been made in recent years in the better design of burner 
equipment and its application, resullmg in better fuel economy Air is used for 
atomization, and vanous schemes have been utilised to preheat the oil and air The 
oil 13 usiialh preheated in a thermostst^ntrolled electric oil preheater, whereas the 
primary and secondary air are most often preheated by the utilization of the waste 
heat m the bumt-ore bifl 

If the high pressure type of burner is used, air at 40 to 100 lb per sq m mu«t he 
supplied and requires 3 to 25 hp through the standard sizes of kilns Od is usually 
(though not all' ay s) supplied at similar prc^isur^ and requires ^ to 1 hp 

\\ hile the consumption of oil vanes in accordance with the character of the ore 
mowturc and sulphur content size of kiln, and percentage of capacity at which the 
kiln 13 being operated it v. ill range between 4K and 8 gal per ton (see later discu«sion 
of parallel flow kilns) and probably average about 6K gal per ton 
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Although low-pressure burner equipment has been used successfully at a number 
of installations, it is generally conceded not to be so satisfactory as the high-pressure 
type when firing a dusty ore. The first cost of low-pressure equipment is equal to or 
greater than high-pressure equipment, and although power requirements are a little 
less, oil consumption is usually greater. 

Multiple-hearth Furnaces. — Multiple-hearth furnaces consist of a cylindrical 
metal shell that supports conical or spherical arches of firebrick decked one above the 
other. A vertical central shaft running through the center of the brick arches carries 
rabble arms on the various decks, which on rotation rakes the ore across the decks. 
Tlie feed is at the top, either at the center or on the periphery of the shell, and the ore 
is raked first outward, then inward, as it drops through ports to the deck below. 
(The raking action would be reversed depending on whether the feed started at the 
center or on the periphery.) 

The Herrc.sholi furnace, which is themost commonl 3 ' used multiple-hearth furnace, 
is shown in Fig. 6. This furnace is manufactured [5] in a number of standard sizes 
as follows: 


Outside diameter 
of shell 

Number of 
hearths 

Tonnage capacity 
per 24 hr. 

36” (i.d.) 

8 

2 

10' 0” 

4 

20 

10' 0” 

6 

30 

13' 6” 

6 

50 

16' 0" 

6 

75-100 

14' 3" 

13 

125 


The 36-m. size has been succcssfulh' used as a laboratory or testing unit and also 
as a unit for treating concentrates produced bj' wet-concentration methods. The 
13-hearth unit is a new “three-zone fxirnacc” which is described later. 

The hollow central shaft is carried on heavj' bearings and is rotated bj' a bevel 
gear at the bottom, further reduction being obtained bj' a gear-reduction unit. The 
speed of rotation of this shaft normallj' ranges between 45 and 60 sec. per revolution 
and is determined largelj- by the period of contact required (or capacity) or the depth 
of bed of ore on the hearths. The power required is 2 to 3 hp. in the various sizes. 
The central shaft is hollow in order that cooling air maj' be bloxvn through an inner 
pipe, out through the rabble arms, and back into the central shaft outside the inner 
pipe. The air is either vented at the top of the central shaft or piped back to be used 
as preheated air in the hearth areas. The power required to provide this cooling air 
is approximatch' 3 hp. Isotable improvement has been made in the adaptation of 
heat-resisting metals for the construction of the rabble arms and raking teeth to give 
them greater life. With adequate air-cooling and design to permit easj' access, these 
items maj' be changed with very little lost time. 

The ore is fed at the top of all furnaces of this tj’pe so that the ore must be elevated. 
This is commonly accomplished through the use of bucket elevators or belt conveyers 
which discharge into a small surge bin built direetty on top of the furnace. From this 
bin or hopper, the ore drops onto a shelf above the top hearth, from which it is “unped ” 
off by a feed knife attached to the top rabble arm. The speed of rotation of the central 
shaft or the pitch of the "wiper” governs the rate of feed. 

In order to maintain a uniform bed on each hearth, it is neccssaty that the ore 
should be more closch- sized than required in rotarj’-furnace operation; 1)4 in. is 
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about the maNimum size treated In some of the smaller plants this is reduced to 
Yi or H in 

v\s the ore travels downward from hearth to hearth, it is thoroughly stirred and 
exposed to the hot gsises of comhiKtioo and is finally discharged through a port in the 
bottom hearth to a bumt-ore hopper under the furnace or directly into a car for 
tramming away from the furnace 

In the operation of all multiple-hearth furnaces, it is common practice to use one 
or more of the top hearths for drying or preheating the ore, then dropping onto the 
next one or more hearths for the roasting of the ore, and finally dropping onto one 
or more hearths for soaking and cooling before it is finally discharged 



I lo 0 —Diagrammatic sketch of UcrieshoC furaaco 


Firing Hearth Furnaces —Multiple-hearth furnaces, in fields other than 
Bilxcr, l»a%e bi-cn fired with all fuels, however, as applied to quicksilver, thf> 
in all hut one installation, used oil The exception used wood at first and finally 
onc-half wood and one-half oil 

Ilccnusc of the claxsiGcation of the hearths into drying, roasting, soaking, or cooling 
zones, the firing h done through porta m the shell on the roasting hearths In some 
of the earlier installations, separate fireboxes were built outside the shell, however, 
because of excessive fuel consumption, all modern installations fire through the shell 
and dircctlj onto the hearths lew pressure humors, using approximatelv the esme 
range of fuels as are used bj the rotary-furnace operations, arc used, and oil con- 
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sumption varies because of the same factors that influence oil consumption in rotary 
furnaces. The average oil consumption, however, is slightly higher, probably approxi- 
mately 7]4 gal- per ton. 

Three-zone Hearth Furnace. — A recently installed Herreshoff furnace, described 
as a “three-zone furnace,” is of interest in that an attempt has been made to utilize to 
as great an extent as possible the waste heat in air used to cool the central shaft and 
rabble arms and the waste heat from the roasted ore[6]. The furnace is 14 ft. 3 in. in 
diameter and includes 13 hearths, divided into three zones: the drying zone, consisting 



of the top three hearths; the central heating zone, consisting of the next eight hearths, 
the top two being preheat hearths, the next four being burner hearths, and the bot- 
tom two being soaking hearths; and the cooling zone, consisting of the two bottom 
hearths of the furnace. 

Figure 7 shows the furnace diagramraatically. Cooling air is forced up the central 
column and a portion forced out through the rabble arms on the cooling hearths. 
This portion, together with air admitted through a port in the shell, is drawn off these 
two hearths through four ducts running to the bottom of the drying zone where it is 
passed over the wet ore. 

-Vnothor j'ortion of the central-column cooling air is forced through the rabble 
?.rms of the two soaking hearths to combine with additional air admitted through a 
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port in tbe shell and prcFvide setondary aw for the eenlral lieatuiR lone This air, 
together with the gases of combustion and volatile products, is drawn off from the 
top of the cential heating zone and sent through a dust collector and condcnsiag 
sjstem 

Finalb , the remainder of the central-column air is forced, through, the rabble awns 
of the burner and preheat hearths without escaping to the central heating zone 
atmosphere, and tlience through holes in the rabble arms of the top drying zone 
directly on the ore In this rone rt combines with air preheated m the cooling 
zone and is drawn from the top of the furnace bj a separate exhaust fan and sent to 
waste 

Substantial fuel savings over the conventional single-zone furnace are reported, 
and a capacity of 125 tons per day, or more, is obtained 

Because the design of the multiple-hearth furnace requires the installation of a 
number of brick arches, sprung with a relatively smalt rise and supported against 
a circular brick w all within the shell, a variety of bnek shapes is required to make a 
complete lining Inasmuch as the hearths are largely protected by a bed of ore, there 
IS little abrasive action on the brick by the passage of the ore through the furnace so 
that brick life, from the standpomt of abrasion, is very good On the other hand, 
It IS essential that tho Iming be skillfully and carefully installed to prevent s hearth 
from sagging or droppmg Likewise, frequent shutdowns and slart-ups have a 
tendency to aggravate this condition and should be avoided 

Comparison of Rotary and Hearth Furnaces — ^To compare the rotary furnscewith 
tho Herreshoff furnace, it must be realized that in few instances is there an oppo^ 
tunvty to make direct comparison on the same type of ore and the same managemejit 
At tho Bonanza mine m Oregon, the first installation was a Herreshoff, which was 
followed b> two rotary furnaces After the installation of the rotaries, all ore was 
screened and the fines roasted m the Herreshoff, the coarse going to the rotaries 
The Finchi Lake mine m British Columbia made an original installation of two rotary 
furnaces followed by three Wedges In this operation, likewise, the fines were 
screened out and fed to the Wedge furnaces In each of these operations, and it may 
be generally stated, with proper operation the extraction of quicksilver from the ore 
may be made equally well in either furnace Fuel requirements are somewhat higher 
for the multiple-hearth furnace, and power requirements are possibly sbghtly higher 
for the rotary furnace Although brick wear by abrasion is higher m the rotary, it is 
doubtful if over-all brick co«t is any greater because of the more extensix e shutdown 
required for the occasional repair necessary m the hearth furnace and the more 
expensive brick required From the standpoint of general mnmtcnance, the rotary 
furnace has the advantage The rotary is simpler to operate and a good deal more 
flexible than the hearth furnace Again, m point of initial cost, the rotary has the 
adiantage It » quite natural, therefore, that rotary furnace installations haie 
exceeded muitipie-hoarth-Iumace mstallaiions by several tunes 

Flow Sheet of Furnace Plants — Beyond the furnace, the flow sheets of most 
<luick8ilvcr-ot<sTediictioii plants show afar greater Bunilaiily Notable changes m the 
cqiiipmont beyond tho furnace took place about the same time as the dci elopment of 
mechanical furnaces and have been developed with, and because of, tho furnace 
dcMiopment This was primarily necessary because of the change of character of 
the gases evoh cd from the mechanical furnaces compared w ith those of the earlier 
brickw ork furnaces In the earlier furnaces, many of which operated under natural 
draft, g‘13 xolumes were relatiicly smaller, because of lack of mechanical agitation 
of the oro and the smaller gas volumes (and correspondingly, x elocity) less dust was 
carried in the gas stream out of the furnace, a good many of the furnaces predned the 
ore feed before it entered the furnace (a feature used m part m modem Herreshoff 
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furnaces), thus reducing water vapor in the condenser gases; and since the develop- 
ment of mechanical furnaces, there has been a substantial reduction in the average 
grade of ore treated, thus reducing the percentage of mercury vapor in the gas stream. 

In the earlier brickwork furnaces, the condensers, therefore, were far simpler — but 
probably less effective. Dust was not a serious problem and was usually removed 
from the gas stream by passing the gases through a large brickwork or masonry 
chamber while they were still hot enough so that the quicksilver would not condense. 
A reduction in velocity and, at times, baffles, screens, or sprays within this chamber 
were depended upon to clear the gases of all dust. They then passed into one or 
several similar chambers, sometimes through a spray of water, for condensation and 
collection of quicksilver. Although their advantage was simplicity, these condensers 
had numerous disadvantages: thej' were more expensive than modern condensers; 
being built with heax’y walls of material of low thermal conductivity, their rate of 
heat transfer was low and they were necessarilj' large; the materials of construction 
would absorb considerable quantities of quicksilver which either would be lost by 
leakage into the ground beneath them or would be tied up until a portion of this loss 
could be recovered by "mining” the area under old condensers and the condensers 
themselves reburned; they presented a difficult cleanup problem in that it was not 
possible to centralize collection; and they created a very severe health hazard as 
cleanups frequently meant entry to the chambers for hoeing or flushing out. 

The two principal factors, however, that led to improved dust collection and 
condenser design were the increased amount of dust generated in the mechanical 
furnaces and the smaller amount of quicksilver in the condenser gases. 

Dust Collectors. — Improved dust collection began with the installation of several 
Cottrell electrical-precipitation units, one on the Herreshoff at the New Almaden 
mine, and subsequent installations on rotary-furnace plants at the Sulphur Bank mine 
in California, the Opalite mine in Nevada, and the Arizona Quicksilver Co.’s property 
in Arizona. At the Sulphur Bank, two Cottrells were installed, one to precipitate 
the dust, called the "hot-treater,” and one to precipitate quicksilver, called the 
"cold-treater.” Although quite effective, their initial cost and high cost of main- 
tenance were excessive and collectors of the familiar cyclone type came into general 
use. 

The use of the first cyclone-type collector at the Knoxville mine in California was 
followed by its installation at many other plants, and today it is accepted as the most 
satisfactory unit for either the rotary or multiple-hearth furnace. The more popular 
type in use is the single-cone type with a fairly large diameter, although several of the 
multitube type, in which one or more small cones are installed, have been used. 
Initial cost favors the former, results are about the same, and wear or plugging is 
against the multitube type. 

The quantity and character of dust collected rmries over rather wide limits. In 
quantity it will probably range from as little as K of 1 per cent to over 2)^ per cent 
of the feed. In many plants the operation of the fire or condensing system is given 
more consideration than the operation of the dust collector; however, they seem to 
function quite efficiently over a range of volumes and temperatures. Cyclones of the 
Sirocco type are designed to work most efficiently and at reasonable back pressures 
when the gas enters at velocities of 1600 to 2000 ft. per min. TTie gases leaving any 
quicksilver furnace must be kept above the dewpoint; hence the gases entering the 
cylcone are relatively hot. The temperature will vary according to furnace design 
and operation as well as the grade of ore (f.c,, concentration of quicksilver vapor in 
the gas stream) ; however, it will usually' range between 400 and 600°F. In the case 
of the parallel-flow rotary' kilns, later described, the temperature of the gas leamng 
the kiln is considerably' higher. 



494 


NONFERROUS METALLURGY 


By employing a properly 8 i 2 ed collector Tiitli flues of such size that velocities arc 
not excessive and by mamtainuig temperatures above the dewpoint, the dust collected 
should be verj Icrtv in quicksilver content The loss is attributable to finely divided 
cinnabar carried out of the furnace by the draft and also to condensed quicksilver 
Obviously, the amount of cinnabar depends largely on the character of the nuneral in 
the ore if the cinnabar is finely cryetalbne or if the ore is mostly fines, there will be a 
greater tendency for the cmnabar to be earned over than if it is heavily crj stalline or 
the ore coarse Condensation of quidcsilver m the collector is usuaUj caused by 
cooling of the gases m “dead pockets" within the collector It has been found that 
when ores running 8 lb per ton or less are being treated, the collected dust approxi 
mates the grade of ore being treated As the grade of ore treated increases the Id's 
increases somewhat but not in direct proportion Because the dust collected is a 
small amount, the total loss of quicksilver, either m quantity or b> percentage is 
usually small and at moat operations is discarded At several plants bon ever 
flotation, blankets or hydraulic dassificalion has been employed, with xarj mg results, 
to recover a part of this loss 

Condensing Systems — Tbe improvement of the condensmg system as previously 
stated, was largely influenced by the reduction in grade of ore bemg treated Eco- 
nomically, there was the requirement that the maximum recovery should be made— 
a fact that probably was given less consideration when the more profitable higher 
grade ores were being treated Metallurgically, the reduced concentration of quick 
silver vapors in the gas stream lowered the dewpoint and required condensers of 
greater heat-dissipatmg characteristics than were formerly used This point has 
been graphically illustrated by Duschak and Scbuette[3] In atteznptuig to satisfy 
these two requirements, the other disadvantages of the brickwork condensers were 
also attacked 

The function of a condensing system is to cool the furnace gases to below the 
dewpomt, at which condensation begms, and then collect the finely divided globules 
of condensed quicksilver from the condenser atmosphere and structure The cooling 
is primarily essential, the collecting should be as simple and complete as possible 

There has probably not been, since 1917 and 1925, as thorough or comprehensive 
a study made of quicksilvet-furnace gases, their condeneation, collection and losses, as 
set forth in the V S Bureau o/ Mtnes Teckmcal Paper 96[71 and the U S Bureau o} 
Menes Bulletin 222(3] The conclusions reached refer principally to condensation of 
quicksilver bearing gases from Scott furnaces and in types of condensers now con 
sidered obsolete It is probably true, however, that much of the subsequent thinking 
was a direct result of the publicatioii of this infoTmation and that directly or induectly 
many of the findings were applied to new designs In fact, how ever, a direct applies 
tion of theoretical requirements to the design of a condensmg system is unpractical, 
if not impossible The variation of composition of ores and moisture content, the 
buildmg up of quicksilver soot on the walls of the condensers, the variation of gas 
volumes and velocities, changes m atmospheric temperature, pressure, and humidity, 
and the always variable grade of the ore are some of the factors that would have to 
be considered in design As a consequence, and with as many of these factors as 
possible m mmd, condensers were designed, m the builder’s opmion, to be adequate 
for the most demanding conditions of the particular installation Uofortunstelj, 
this opmion was not always sufficient On the other hand, several types have beea 
designed which proved to be efficient w hen working within their limits, and sires have 
been developed to which the builders are wiUuig to assign a capacity, based largely 
on averaging the above factors against the ore to be treated When apphed con- 
servatively and with experience and when careful and uniform plant operation u 
obtained, good rraults are secured more often than not 
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In iin attempt to improve the cooling capacity of condensers, it was natural that a 
break from brick or masonry chambers was the first step. Early' installations using 
metal, glass, wood, and chemical stoneware were tried ■n’ith.varjdng success; however, 
they were not generallj' used until the advent of mechanical furnaces. Soon after 
their introduction, common -^dtrified server tile was adopted in several different types 
of layouts. The simplest were no more than long flues, usually leading from a brick 
or masonry dust chamber to a stack. In size the 3 ’’ varied, depending on the volume 
of gas to be handled, and were often in several strings. This type of sj'stem was 
difficult to clean up and scattered the condensing sj^stem over quite a length. The 
next step was in compacting the tile sj'stcms into units, mounted from nearly hori- 



Fig. S. — Single-row double-dock cast-iron condensing system. 


zontal to vertical, bj' reversing the flow of the gas stream at frequent intervals. A 
number of different tj'pes have been illustrated in U.S. Bureau of Mines BxiUetim 222 
and 335[8]. The most popular European tj'pe of condensing sj’stem, known as the 
Cermak condenser, is made of stoneware and consists of pipe joints set vertically 
with return L’s at the top and bottom, the bottom L’s having an outlet to facilitate 
cleanup. The gas travels up and down through the sj'stem with frequent reversals 
of direction. 

The tile sx’stems used in this countrj' were far better than the earlier briclvivork 
(iosigns, offering better cooling capacity, centralized cleanup, good baffling action, low 
cost, and as applied to the industiy offered a generalK’ better designed condenser 
than had been employed theretofore. Tile resists the corrosive action of the sulphurous 
acid Condensed in the sj'stem and has a fair resistance to the thermal .shock imposed 
by starting or slopping the operation of a plant or bj' a spraj' placed in the sj’stem 
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cither lor coobng or knocking doTvn dust In tune, honevcr, it has a tendency to 
crack and require repair 

Metal Condensers — Although metal condensers had been tried on the bricknork 
furnaces, after the period of popularity of all tile condensers (roughly 1917 to 1927), 
they were again introduced foHouing tilc-condcn<»cr design (except that pipes were 
always set vertically) Materials that have since been used, in the order of their 
popularity are cast iron, sheet steel, stainless steel, and Monel metftl Each has 
been used alone in combination with another, or in combination with tile pipes, 

The use of metal pipes immediately draws the cnticism of poor resistance to the 
corrosive effect of the acid condensate within the sjetem Cast iron pipe is most 
commonly used and la prolnhlj included in more plants than an> other material 
One manufacturer uses exclusively a ccntnfugnUy cast iron pipe for which is claimed 
a much better resistance to corrosion than the ordinary cast iron The pipe used is 
1C in m diameter, has a wall thickness of 0 45 ui and is made in 12-ft lengths with 
bell and spigot ends Ihe ajatemsare usually in«tallcd as showh in Fig 8,mstands 
two lengths high and w ith specially cast return L a for making the top connection and 
specially cast hoppers for the bottom connection In standardizing on a single size 
of pipe the Bvstem may bo sized m accordance with volume and velocity requirements, 
by length and by spliUmg the gas stream into more than one row of pipes 

Although there is a definite relation between area or length or solume contained 
ui the condensing »y stem, it has been many limes illustrated that the relation is wot 
m direct ratio to the tonnage being treated This is probably in pari due to variations 
in excess aur required in the different eues of mechanical fumnccs, differences in rate 
of heat transfer caused by different gas velocities, or difference" in composition of 
furnace gases 

Table 3 show's the makc*up of several sizes of cast iron condensing systems applied 
to standard rotary furnaces with unit figures based on their maximum capacity m 
tons of ore treated per day 

The figures cited must be taken as average, as wide variations can cvist owing to 
an extreme condition in one of the variable factors previously mentioned as affecting 
the design of a condensing system 


Table 3 — Typical Sizes of Castvibon Condenslso Systems 



cleaning 

iReturoa ve caat iron 


ISin id. returnI,B but mth a cle«nOu1 hole o,er eacli outlet for 



MERCURY 


497 


In operation cast-iron condensing systems are simple and efficient. Thej'- operate 
at input temperatures varying from 450 to 250°F., and outlet temperatures of 100 to 
1G0°F. Because a coating of quicksilver soot builds up on the walls of the pipes, thej’" 
are periodically washed down at inteiumls ranging from 24 hr. to 14 days. The fre- 
quency depends on the amount of dust escaping the dust collector, the quantity of 
sulphur rcprecipitated, the accumulation of soot or tars caused by imperfect combus- 
tion in the furnace, the amount of moisture and quicksilver in the ore, and occasionally 
on a routine requirement for shutdown for seiudcing power plant or other equipment. 
In multiple-row systems, dampers are occasionally installed so that one row may be 
wa.shcd down without necessitating a cessation of furnacing. The time required for 
washdown varies from about 30 min. to 2 hr. In the washing-down operation, a hose 
with a spray attachment is dropped into each stand of pipe through the cleanout 
holes in the returns. The soot, or mud, drops to the hoppers where it is caught in 
buckets under each hopper spout. The buckets are removed, emptied, and replaced 
for further operation. Between washdowns, there is a certain amount of “drop- 
down” which is collected daily or oftener if required. The ratio of material collected 
in the drop-down to that collected in the washdown varies considerably. In most 
instances the higher the sulphur content in the ore, the greater the hang-up, although 
on the average, the amount collected in the washdown approximately equals the total 
collected by daily drop-down. The buckets collect the drop-doum continuously by 
maintaining a water seal over the hopper spout. The buckets used are usually hard 
rubber to resist the corrosive action of the water. 

The cast-iron pipes, hoppers, and returns, though attacked by the sulphurous 
solutions, vary in life depending mostly on the sulphur content of the ore being 
treated. In the hot end of the condensing system and before the dewpoint of the 
water vapor is reached, they will last almost indefinitely. As the gas stream becomes 
wet, the metal is attacked, and in this portion of the system, the life varies from 1 to 
5 years. Despite the requirement for replacement, but because of their low initial 
cost, the case of installation, and their high rate of heat transfer, they are the most 
popular type in operation. 

Sheet-steel condensers, of welded construction, designed to the same layout as the 
cast-iron system, have been installed in several reduction plants. They have been 
built of material ranging from 18 gage to in. thickness. Their resistance to cor- 
rosive attack is less than that of cast iron, and the lightweight material used only 
justifies their installation for the treatment of very low sulphur ores. They have 
been particularly popular in Nevada installations whose ores are most often of this 
t5’pe. Although thej' have a somewhat higher rate of heat transfer than cast-iron 
pipes, they arc usualb' constructed in about the same sizes. 

There were a few Monel-metal systems built, ranging in weight of material from 
24 to 28 gauge; however, their performance did not justify the original cost. 

Stainless steel, tj^pc 317, has been included in a combination system at Nevada 
property, together with sheet iron and cast iron. The system is made up of a large 
number of 9-in. -diameter pipes, 12-gauge black iron being used in the hot end of the 
system, cast iron being used in the middle, and stainless steel at the cold end. The 
resistance of the stainless to sulphurous attack is good ; however, the occurrence of 
occasional chlorides in this ore adds a corrosive constituent to this gas not found 
elsewhere, and one that attacks the stainless-steel pipes. 

Several installations have economically and efficiently combined sheet steel with 
east iron and sheet steel with tile, in cither case the sheet steel being installed on the 
hot end. 

Several metliods have been used for connecting the pipes at the top and the bottom 
of the stands; however, the most commonly used is a cast-iron or fabricated-steel 
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return L In ext m populantj is tlio use of tile ^ bmnchos, tlie straight section being 
set on a 45-deg slope with the branch pointed ^ crlicallj upN\ ard Scn oral "i branches 
may be joined to form a common base for several stands of pipe The bottom end of 
tbe branch hne is often su'bmer''ed in a tank of water to provide a water seal and 
prevent leakage durmg cleanup 

The top connections are posibl} more i aned as to detail but usuallj simulate the 
return L the 1 branch or a T with or without cleanout openings 

It will be noted that in attempting to improve the cooling capacity of condensing 
systems which ultimately resulted in largely sw ingmg to metal condensers the other 
objectionable features of earlier aysleios ha\c al«o been improved Costs as shown 
later are lower The almost complete elimination of sprajs at least inside tie 
sjstem has been adnsablc for several reasons the satisfnctorj application of dust 
collectors has lessened their rMjuiremenl for knocking down the dust there is le<s 
water overflow from the condensers reducing water losses the cooling efficiency of 
water in the system is poor and Oie spray of water on a metal pipe hastens its failure 
I)} corrosion H ater spraj s are sometimes applied to the outside of metal systeirs 
although this is uiuallj done to make effective an uoderuzed sjstem, to mcrease the 
capacity of a system or to combat c'cccssivc summer atmospheric temperatures 
Modem sjstems have been compacted so that cleanup can be made m a relaliielj 
small area and mechanical Josses thereby reduced The reduction in the hialll 
hazard has been one of the more important accomplishments of new sn stems Leal 
age has been reduced to a minunum bj making the conden«er8 of an iirpenirus 
material which upon the first break through is easily detected nncl repaired tbemrlhcd 
of cleanup exposes workmen to a minimum of (juicksihcr fumes aEd because of tl cir 
simplicity and compactness there w less (luicksilvcr tied up to contaminate tie 
atmospbere around a quicksdi er plant 

Exhaust Faas — Discussion of exhaust fans Ins been giicn ahead cf description 
ol the condensers as tlierc arc three locations — for cither rotarj or Herre^hoff furnace 
installations — in which they have been placid 

The location determines the physical requirements necessarj ir the exhauster 
although It IS doubtful that there is anj material metallurgical advantage in one 
location ever another 

Manj of the older brickwork plants used exhausters for inamtainuig a draft over 
the firebox and these exhausters were nearly always located at the end of the con 
densmg system or at the base of the slack They operated in a wet and corrosive 
atmosphere at temperatures probably raogiog from 90 to 140“F and w ere commonly 
made all, or m part, of w ood to resist corrosive attack 

In modern mechanical furnaces they have been placed (1) between the furnace 
and the dust collector, (2) between the dust collector and the condensers and (3 
between the condensers and tbe settling tanks or stack 

Although there were a number of installations made as in 1, the temperature of 
the gases at this pomt gave rise to operatmg difficulties in bearmg wear and abrasive 
attackhy the dust-laden gases Tbiswas partly overcome by tbe use of water cooled 
bearmgs, but these did not prove entirely satu>factory 

The bulk of mstallationa are as m 2 At this point, gas temperatures arc seldom 
over 400“F and improvement m ballbearing design and the mclusion of heat 
reflectmg plates and fans on the exhauster shaft make modem exhausters entirely 
satisfactory in this temperature range By placing the exhauster after the dusi 
collector, abrasive action of the dust w neuly eliminated and the gases are still hot 
enough to be dry and therefore noncorrosive 

The installation of the exhauster at the end of tbe condensing system has beccir c 
more popular with the development of acid resistant exhausters The old word 
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scroll and wood-impeller designs are unsatisfactory; however, corrosion-resistant 
metals or rubber-coated exhausters are quite satisfactory. The latter are more 
commonly used and, barring accident to the coating, are useful for a long life. 

It may be argued in favor of location 2 that (a) there is no corrosive attack by 
wet gases, (6) better dust-collector action and draft control is gained, and (c) any 
leakage in the condensers is immediately discernible and can be repaired. In favor 
of location 3, (a) severe bearing wear is eliminated, (b) a smaller volume of gases is 
handled because of the lower temperatwe, and (c) the condenser system is always 
under a negative pressure, thereby preventing leakage of fumes. There is probably 
little to choose by except individual preference and the somewhat higher cost of 
the rubber-coated fan. 

All modern installations use electrically-driven exhausters, many of which are 
equipped with variable-speed drives in order to make adjustments easily and quiekly 
to control draft properly under variable conditions. The power required varies from 
about 1 hp. at 10 tons dailj' capacity to 10 hp. at 150 tons per day. 

Settling Tanks. — The utilization of settling tanks beyond the condensing s}^stem 
has become standard practice on most mechanical-furnace installations. Their 
function as a cooler in the condensing system is all but precluded by the fact that the 
gases at this point arc wet and corrosive and that to be effective as a settling tank 
they must be large, so cannot be economicallj’’ built of material with a high rate of 
heat transfer. As a consequence, they are commonly built of wood. Tanks have 
ranged from 6 to 24 ft. in diameter and 6 to 20 ft. in height, and may be installed 
singly or in number. In a commonly used tank, the staves are 20 ft. in length and 
the tank is 10 ft. in diameter and is supported by %-in. steel-rod hoops. A conical 
redwood bottom facilitates cleanup. Entry, from the condensing system, is usually 
made by cutting a hole in the side of the tank, so that the entry pipe can be inserted 
on an upward angle anywhere above the cone. The exit pipe is similarly cut in 
just above the cone and may lead to another tank, or stack line, or the stack may be 
mounted on the side of the tank. Connection pipes are usually made of wood-stave 
pipe or tile. 

Although these tanks are poor coolers, they do provide a settling area in which 
final traces of uncollected quicksilver may be collected. The reduction in velocity, 
plus the baffling effect gained by the eddying of the gas stream within the tank, assists 
in collecting the minute globules that may have carried through the condensing system 
attached to a particle of dust or droplet of water. In some installations, baffles or 
sprays have been added to the tanks. 

The use of settling tanks adds a safety factor to the operation of all plants in 
standing by ns additional collector in the event of misoperation of other units within 
the plant. Likewise, it provides a measure of over-all operation in that, if more than 
the usual amount of quicksilver is collected from the tanks, the condensing system, 
tonnage, and draft should be checked for changes from normal operational procedure. 
The normal amoimt collected, ns in the condensing system, varies according to 
several factors; however, the tank system should not collect more than 1 per cent 
of the total quicksilver collected. If it exceeds this amount, stack losses may be 
excessive. 

Stack Lines and Stack. — Beyond the tank system, the condensation and collec- 
tion of quicksilver should have been essentially completed. The stack, therefore, is 
primarily to convey the gases of combustion, water vapor, sulphur dioxide, and other 
gases aw.ay from the plant for waste. The importance of a stack line, i.c., the line 
from the tank system to the base of the stack, has largely declined with the universal 
application of e,xhnust fans to prom'de draft control. There are some, however, who 
continue to advocate their use, although it would seem that their only advantage 
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^vould be as an additional collecting facility or to raise the stack to such an e!e\ation 
that power requirements on the exhaust fan are reduced Modem plants are, there- 
fore, about equally divided between those usmga stack line and those which mount a 
stack on or alongside the final tank Stack lines, likewise, are about equally divided 
between tile and wood construction, whereas stacks arc almost entirely of wooden 
construction Redwood is the commonly used wood in the construction of tanks, 
connection pipes, and stacks, although fir has been used It withstands the action 
of the acid quite well, and the life of these units w ill probably average 5 to 10 > ears 
The temperature of the gas at the stack should not exceed 140°F , lest high stack 
losses be encouraged Thej will run down to relatively low temperatures depending 
upon the atmospheric temperature 

Soot Machines — Soot machines have been developed to handle the product of (he 
condensing system, commonly referred to as “soot" or “mud,” although in most 
of the older plants, and even up to quite recently, it was worked by hand Soot 
includes dust that escaped the dust collector and was knocked down in the condensers, 
unoxidizcd sulphur precipitated out of the gas stream, residues from tmburned fuel, 
precipitates from other volatile constituents of the ore {As, Sb, etc ), water and quick 
silver It is collected in buckets or launders under the condensers, settling tanks and 
{torn the stack line and stack The quantity varies greatly, as previously shown, 
as does the percentage of the constituents 

Older practice consisted of decanting the water from soot, mixing in unslaked hme 
to dry It and make the finely divided (floured) quicksilver coalesce mto large globules, 
and hoeing The soot was placed on an iron table varying in size from 12 to 50 sq ft 
with 4 in sides and set w ith a slope to one comer It w as then manually hoed (mixed 
and raked) across the table, and the separated quicksilver flowed to the low corner, 
from which it overflowed through a gooseneck to a storage pot 

Undorthe table, steam or hot-waterpipee and not uncommonly a wood fire assisted 
in drying the soot and facilitated the separation The quicksilver fumes escaping 
from the table, though probably not so large as to constitute a serious loss of quick- 
silver, contaminate the surrounding atmosphere %vi(h a concentration sufficiently high 
to be dangerous to the workmen Various ventilating systems have proved oiil> 
partially successful 

Because of this hazard, the cost of labor, and the fact that a sometimes rather low 
recovery la mode by hand hoeing, numerous mechanical devices have been devised 

The most w idely used is a Circular pan, 3 to 6 ft m diameter, with a vertical central 
shaft to carry mixmg and stiinug paddles The soot and lime are placed m the pan 
and hoed by the rotation of the paddles either for & predetermined period or until the 
soot IS impoverished of the bulk of the quick-Jilver For best operation, the paddles 
rotate at 5 to 10 r p m , and the pan is set on an incbnation of about m per ft 
A slot at the low point of the pan, connected with, a gooseneck, creates a puddle which 
assists m (fie coffection of tfie finely divided quicksilver The pan may or maj net 

be equipped with a heating device, althoughahot-water compartment, kept at 150 to 
160°F , materially improves results The top of themachmemay be tightly enclosed, 

thereby preventmg fume leakage When driven through a worm reducer, the power 
required ranges from 1 to 5 hp 

Many other devices have been used, some with good success, but the above type 
IS most commonly used Other tj pes include agitators (both w et and dry), centrifuge 
tj-pcs, presses, screw classifiers, and probably many others 

In most instances the hoed soot is returned to the furnace feed so that the unre- 
claimed quicksilver in the soot is ultimately recovered At some plants a retort a 
kept m operation for the treatment of the hoed soot on the basis that returning 
soot to the furnace only increases the dust problem Because the soot collected 
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seldom exceeds 10 per cent of the dust collected, this does not seem important, and 
at several operations tests showed that dust conditions were no less favorable when 
the dust was returned to the furnace. 

Auxiliary Equipment. — Additional equipment required in the modern furnace 
plant is not extensive and includes that common in other milling plants, such as bins, 
crusher, screens, conveying or elevating equipment, and a power plant. 

Bins required are for coarse and fine ore and for burnt ore. Many of the new 
plants have utilized steel bins for fine ore and burnt ore but have kept wood bins for 
coarse-ore storage. The result is larger coarse-ore storage and a reduction in fire 
hazard in the main plant. Many concrete burnt-ore bins are in use, and although 
they have a tendency to crack from the heat, their usually small size (10 to 75 tons 
capacity) docs not make this serious. 

The crushing of quicksilver ores is perhaps less difficult than that of many others. 
Except for the opalite and rhyolite ores of Nevada and Oregon, a few hard limestone 
ores, and still fewer hard serpentine ores, most quicksilver occurs in sandstones or 
shales that are relatively easy to crush. In preparation for rotary furnaces, the ore 
does not have to be reduced to less than 2 to 3 in., which can be accomplished in a 
single pass through a jaw crusher. Inasmuch as hearth furnaces require a smaller 
size of feed, installations for plants of this type usually include a jaw crusher in closed 
circuit with a shaking screen and necessary conveyer or elevators. Because the 
greatest number of quicksilver plants fall within the range of 20 to 75 tons daily 
capacity, jaw crushers commonly range from 6 X 8 in. to 10 X 20 in. in size and are 
mostly of the Universal or Blake type. Screens, where used, are of the shaker type 
and are sized according to the hearth-furnace requirements. 

Conveyers or bucket elevators, because of the usually small capacity required and 
because plants are relatively compact, are not extensive. 

Table 4. — Installed Horsepower Requirements for Rotary-furnace Plant 

Installations 


Daily plant capacity, tons 







60-100 

100-150 

1. Kiln 

1 

1 

2 

1 

3 i 

3 

5 

7K 

7}^ 

10 


1 

2 

3 

3 

5 

3. Kvlimist fnn 

1 

2 

3 

5 

15 

4. nnmpro5Wor for oil firing. 

3 

5 

7M 

M 

2 

10 

25 


H 

IM 

7H 

2 

15 

3H 

20 

1 


4 

7. Cnislicr 

5 

10 

2.5 

S. CoTweycr 

1 

3 

3 

5 


9. Idghts and miscellaneous 

2 

2 

3 

3 

5 

10. Total horsepower installed 

15 

24 

35 

45 

66H 

97M 

11. Usually installed generator, kw. 

15 

20 

30 

40 

50 

75 


Items *1, C» 7 8, and 9 are at average conditions. 


The power requirements for all quicksilver-reduction plants are relatively small. 
Although the number of plants that are served by power companies are increasing, 
the majority of plants have to generate their own. Tlie power consumed in the early 
plants, as already stated, was little and was usuallj’ steam. This was replaced with 
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the development of the oil engine, and up to the First World War most plants were 
line shaft driven Since that time, however, the iinpro\ement of diesel engines has 
been responsible for their greater appbeataon together 'with aUemating-current 
generators This has made possible individual electric drives on each piece of equip- 
ment with attendant greater flexibility and efficiencj 

The installed horsepower requirements of rotary furnace installations, together 
with the usually installed size of diesel generator plant, are shown in Table 4 Re- 
quirements for compressor and oil preheater are subject to change for altitude and 
climate conditions for the crusher dependmg on type of ore, and for conveyer and 
lights and miscellaneous on topographic, camp, lajout, and other factors 

Actual power consumption will be appronmately one-half the installed horse- 
power when the plant is operating contmuously 

Control of Operations and Assaying — Quicksilver-plant operators largelj depend 
on the manufacturer to provide a furnace designed to operate efficiently within a 
certain tonnage range on a particular type of ore As a consequence, it is up to the 
manufacturer based on an estimation ol the various factors previously described and 
experience to provide a plant meeting the tonnage speciflcations Tangible and 
intangible factors arc, therefore, considered in such design, and after installation is 
made certain tests can be performed to set up operating conditions at various tonnages 
Likewise such teats should he performed when changes of ore occur, aa m character, 
grade, and moisture and sulphur content, or when equipment or other related coodi 
tions are changed 

The tests consist of making an accurate determination of the weight of the ore 
being treated and its moisture content, the grade of ore must be detemmed, the fuel 
consumption must be measured a determmation of the COi content m the furnace 
gases must be made and pressure and temperature readings must be taken through 
out the plant ^ ith the results of these tests in hand and as described m more detail 
in 1/ S Bureau of ^[ines ButUun 33518), it is possible to adopt operating conditions 
within safe limits 

In practice it h common to measure ore by occasionally weighing a cubic foot and 
then assigning weights to cars trucks or other means employed to transport the ore 
into or awav from the plant Few plants weigh automatically or continuous!) 
Likewise occasional checks are made on moisture content and grade of ore The 
difficulty m sampling of quicksilver ores due to the erratic occurrence of the cinnabar 
in the ore and its friability and tendency to concentrate in the fines mcreases the 
difficulty of checking metallurgical operation, however, if earned out carefully and 
with due recognition of the factors mxolved, sampling will give good results Assays 
ing the samples is usually performed m the Whitton apparatus or bj the so-called 
Bureau of Mid« method[91 the latter being preferred because of its greater accuracj 
and because assays may be made more quickly 

In the Whitton method, the ore sample, together with fluxes, is placed in a metal 
retort tube closed at one end A clean, weighed gold or silver foil is placed over the 
open end and a metal cup clamped down on it, sealing the retort The cup is filled 
with water, and as the retort is heated, the quicksilver vapor rises m the retort to the 
foil, on which it condenses and amalgamates Thefoil is again weighed, the increase 
showing the amount of quicksilver in the sample 

The Bureau of himes method described m detail in Technical Paper 227, consists 
of volatihzmg the quicksilver in a sample m a teat tube, and collectmg the quirk 
sdyer on the cold upper walls of the same test tube After complete volatihzation of 
the quicksilver, the lower half of the test tube, including the burnt sample, is 
off and discarded The upper half includmg the condensed quicksilver is washed 
with nitric acid m a beaker, potasanim permanganate added to this solution until i 
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remains colored, and peroxide added until the color disappears. With ferric sulphate 
as an indicator, the solution is then titrated with potassium thiocyanate. This 
method is simple and can easily be used in plant control work for checking head 
samples and also burnt-ore samples. 

Fuel consumption is measured either by meter or bj' gauging fuel tanks and for the 
purpose of test periods can be measured quite accurately. 

Determination of the CO 2 content of the furnace gases should be made in order 
to determine the total gas volume and the amount of excess air drawn through the 
furnace. From the former it is possible to calculate stack losses, and from the latter 
a measure of the thermal efficiency of the plant is gained. These determinations need 
not be made at frequent intervals after operating conditions are established. 

The use of a draft gauge to measure pressures throughout the system and a ther- 
mometer to check temperatures at frequent intervals are the two most practical 
applications to control of operations. If it is assumed that, after a general checking 
of one plant, operating conditions have been established within certain ranges, the 
draft gauge and the thermometer give a relative indication of all conditions. As a 
consequence, these are the onl}’’ instruments generally relied on for indicating or 
recording, continuously, conditions affecting control. Thermometers are usually 
installed to measure temperature of the gas stream somewhere between the furnace 
and the condensers, and occasionally at the end of the condensers and at the stack. 
Draft gauges are usually installed on the furnace at the gas outlet and occasionally in 
the condensers or at the stack. A manometer is often installed at the fan to measure 
the back pressure of the dust collector. The usefulness of draft gauges is their ability 
to measure changes in pressure in the system caused by leakage or by plugging so that 
proper steps may be taken to alleviate the trouble. 

For the most part, quicksilver plants operate with very little control apparatus 
after they have once been adjusted and regulated. Occasional check tests are very 
desirable, but normal operation is usually left to the operator, who, by observation, 
can quite easily detect changes in conditions as the 3 " develop. Because simple regu- 
lation to offset these changes is possible, automatic control devices are not usualty 
justified. 

Losses. — ^Losses in quicksUver-reduction plants maj' occur at the following points: 
(1) in the burnt ore, (2) in the dust, (3) through the stack, (4) bj' solution or mechani- 
cally m water overflow, (5) bj' spillage and through handling. 

Losses in the burnt ore are primarilj' a function of the temperature at which the 
rock is burned and the period it remains at or near that temperature. In most 
operations the burnt-ore loss can be considered ns verj' small, although on low-grade 
ores the economj' of strhdng for complete extraction is sometimes offset bj' fuel cost 
versus increased furnace capacity and greater gross production. It is difficult to 
c.stablish the point at which one offsets the other, owing to the differences in burning 
characteristics of different ty'pes of ore, cost of fuel oil, and the price obtained for the 
quicksilver produced. In property operated furnaces, however, and on average grade 
ores, the brirncd rock maj' show average assays of 0.02 to 0.05 lb. per ton. Manj' 
operations checked show lower values than these, and of course, there are some that 
run higher. 

Dust losses have been discussed and the amount shown to be, on average ores 
(ores averaging less than 8 lb. per ton), approximately equal in grade to the grade of 
the ore. If the dust collected represents }i of 1 per cent to 2J^ per cent of the ore 
feed, these figures would represent the loss in the dust if no attempt was made to 
recover anj* of the values from it. 

^ Stack losses have probably been blamed in more instances than anj*thing else for the 
failure of a plant to recover quicksilver from the ore; however, most operators as well 
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as many others have used a variety of procedures to determine their exact amount 
The more reliable tests show that they are nearly always small, and there la little 
reason to believe that, with a condensing qrstem properly designed and operated, 
losses could represent more than 1 per cent nie best evidence of low stack loss is 
that, if it was as high as has been suspected, ituould coat the surrounding area nith 
quicksilver in a short period, thus advertising such a loss ^Tien periodic cleanups 
of the stackline and stack do not recover much quicksilver, there are not high stack 
losses 

Quicksilver lost either mechanically or by solution in overflow water from the 
condensers should be nearlj negligible All overflow water should be collected in 
launders and run to setthng boxes arranged with baffles to cause the current to under- 
flow This will collect most of the loechanically transported metal, the metal m 
solution could not be economically recovered 

Spillage and handling losses are a matter of good housekeepmg and supervision 
Concrete floors in the areas under the condensers, with drams to the launders leadmg 
to the settling boxes should als ays be laid and kept m good repair Smooth surfaces 
and the fiUmg of any cracks that might develop make it possible to clean up the arcs 
and recover any quicksilver that may have been spilled The development of a 
careful operating routme will also assist ui avoiding losses of this type 

In general, it may he stated that all losses in a well-designed and -operated plant 
should not exceed £ per cent, and under certain conditions and tilth devices to assist 
in the recoverj of dust, water, and spillage, losses may be reduced to as little as 1 m 
2 per cent 

Cost of Furnace Plants —It is diffleuU to compare furnace-plant coats m differeot 
years due to economic conditions, relative value of the dollar, differences as to extent 
of equipment included, and differences m the cost of installation due to location It 
IS interesting, boivcver, to note that the range $500 to $1000 per ton of daily capacity 
has been used since the earliest American plants were built and is still a good flgure 
B> virtue of tlie decreased value of the dollar, however, this would indicate that 
modern plants are actually le«s expensive EglcstonllO] reports the cost of the two 
modiflid New Idna type hirnaces at the Redmgton mine in California as between 
SIOOOOO and 5125 000, huilt about 1868, and the cost of Knox Osborn furnaces w» 
between 814 000 and $9000 m 1874 Inasmuch as the capacity of the modified bew 
Idna typo furnaces w as about 30 tons per day and the Knox-Osbom furnaces 24 and 
12 tons per day, their cost per ton of daily capacity was, roughly, $2100, $600, anti 
$750, rrspcctively It is quite likely, however, that the cost of the Redmgton plant 
may have mcludcd more than just fumace-plant equipment 

Scott furnace plants, since their inception, have been figured at $400 to $1000 per 
ton depending on capacity, location, and the times In 1917, Bradleyfll] stated 
their cost, though influenced by wartime prices, would approximate $1000 per ton of 
dovly capacity , althwigh bo Ttcogmetd timt. they bad been btrdt atlo'aw costs 

Mechanical furnaces at approximately the same time were estimated at between 
$600 and $1500 per ton of capacity, however, improvements in their design and opera- 
tion have graduallj increased their capacity, thus lowering per ton costs All things 
considered, the hcarth-tjpe furnaces arc slightly higher in cost than rotarj-fumaen- 
plant installations The quoted prices and estimates of several common sires of 
rotary -furnace plants by one manufacturerHi as of July, 1941, are shown m Table 5 
Because of wartime inflation, these costa are approximately 15 per cent above average 
prices for the period 1935-1939 

Although installation costs have been estimated, they are approximately tie 
average of a number of plants of each size built at that time These costs influde ^ 
engineering costs, and the installation cost mcludes the services of an operator f Jr 30 
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days after completion of the installation to train the operating crew, make tests, and 
develop the operating routine. 


Table 5. — Approximate Costs of Rotaky Plants, July, 1941 



21" X 18' 

1 8-12 tons 

24" X 24' 
12-25 tons 

36" X 48' 
40-60 tons 

48" X 64' 
60-100 tons 

Kiln, including shell, ride and drive 
mechanism, seal rings, speed reducer, 
frame, hoods and shaker feeder 

S 3,025 

S 3,910 

8 6,889 

i 

810,180 

Oil-firing equipment, including compres- 
sor, receiver, oil pump, gauges, meter, 
strainer, preheater, and 2 complete 
burners 

G79 

982 

1,089 

1 

1,315 

IJustr-collccting equipment, including 
collector, exhauster receptacle, and 
connections 

47S 

596 

785 

1,045 

Condensing system, including cast-iron 
hoppers, pipes and returns, redwood 
tanks and stack, recording thermom- 
eter, connections and condensing-sys- 
tem auxiliaries 

i 

i 

1 

! 2,030 

! 

! 

' 2,655 

i 

i 

4,325 

6,416 

Motors and drives, including kiln, feeder, 
compressor, oil pump, and exhauster 

1 868 

847 

1 ,038 

1,325 

Power unit, including caterpillar diesel- 
gcncrator unit with fuel-transfer tank, 
switchboard with motor switch gear, 
and lights transformer 

2,317 

1 

! 

2,699 

1 

3,519 

4,719 

Brick, including lining for kiln and firing 
hood 

80 

154 

422 

753 

Fucl-oil-storugc tank, boltcd-stccl con- 
struction 

275 

378 

526 

545 

Steel fine-ore bin 

620 

673 

1,028 

1,350 

Steel burnt-ore bin 

335 

706 

1,082 

1,095 

Crusher, including ca.st-stcel jaw crusher, 
motor, starter and drive 

1,108 

1,180 

1,383 

1,873 

Total cost of equipment, f.o.b. San 
Francisco 

S11,S15 

814,780 

822,095 

830,615 

Estimated cost of freight, excavation, 
and installation, including all concrete 
work, coarsc-ore bin, conveyer, frame 
and corrugated-iron building, and pip- 
ing and wiring 

5,000 

6,750 

8,750 

12.250 

Estimated total cost of installed plant. . . 

.816,815 

821,530 

.830,845 

.842,865 

Cost per ton capacity, installed at aver- 
age of tonnage rating 

.? 1,CS2 

3 1,164 


S 536 


Operating Costs. — Operating co.st-s, even as the co.st of the furnace plants, are 
largely predicated on the times and vary with the price of labor and the price of fuel 
oil, tlie two principal items of cost. Table 6 shows a hypothetical estimate of costs 











506 


NONFERROUS SIETALLURGY 


of rotarj furnace-plant operations based on 1944 and 1941 conditions Acluallj, 
costs for the period 1935-1939 nould approximate 20 to 30 per cent loner than the 
1941 figures 

Table 6 — Estimated Cost op OpERATIo^ op Rotabt-furnace Plants, 1941 and 
1944 


Average of daily rated capacity, tons 
per 24 hr 



10 

isH 

32Ji 

50 

! 80 

125 

Firemen, number required 

3 

3 

3 1 

3 

3 

3 

Cleanup men number required 

Foremen, number required 



1 

1 

1 1 
1 

2 

1 

I abor cost per ton, 1944 

2 85 

1 54 

1 1 17 1 

0 76 

0 63 . 

0 48 

Labor cost per ton, 1941 

1 80 

0 02 

0 74 

0 48 

' 0 43 

0 32 

Oil consumption, gallons per ton 

7^ 

7 

6H 

6 

5*2 1 

5 

Oil cost, per ton i 

Supplies repairs, power and maintc- 

0 &4 

0 CO 

0 42 j 

0 39 

0 36 j 

0 33 

nance, per ton 

0 CO 

0 50 

0 40 

0 35 

0 30 


Total operating cost, per ton, 1944 

4 09 

2 64 

1 99 

1 50^ 

1 29 

1 10 

Total operating cost, per ton, 1941 

3 04 

2 02 

1 56 

1 22 

1 09 

0 85 


Although these figures are based on hypothetical requucinwits, they appioxunatc 
actual costs for the two periods mentioned Labor costs for firemen and cleanup men 
are baaed on $9 SO per da} , average daily wage (7 days per w eek, including 1 day at 
tune and onc-half and 1 day at double time), mcludifig compensation insurance, social 
security, and unmplo}'ment insurance, for 1944, and per day for IMI Foremen 
are bracketed at $12 per day in 1944 and $10 per day m 1941, being the average daily 
rates over a monthly period 

The sanation in oil consumption is purely hypothetical, although it may be stated 
as average figures A difference of 2 cents per gallon is allow ed on the cost of fuel oil 
for the tw o smaller sized plants, their fuel bemg figured at an average of cents per 
gallon, whereas the larger kilns are assumed to use heavy oil at cents per galloa 
Supplies, repairs, power, and maintenance are estimated, in a liberal amount, to 
cover these items Supplies include only lime for hoemg Repairs and maintenance 
are generous enough to ptovide,ovcraperiodof 2 or 3 years’ operation, for oil charges 
Power IS figured at an average for purchased or locally generated power, including 
repairs to power plant if locally generated 

While these figviTee are eatwtwAcd as average figures lor TOtaiy-iumsee operitiocs 
there may be substitutial varistioos m athcr direction depending on ore characteris- 
tics and local conditions, although th^ may be used for estunatuig purposes The 
sometimes lower quoted costs of Scott or other brickwork-furnace operations, and 
even other rotai^- or hearth furnace operations, jf translated to present conditions, 
\ariations in ore being treated, or other operational factors, would approximate the 
figures of Table 6 

Description of Plants A’cw Idna Jftne, Coli/ornta —Figure 9 shows tlicAo’^ 
sheet of the New Idna plant Furnace equipment consists of four 5 X 6 ft rots^s 
built in 1917 ITiej have recentlj been rebuilt and the complete plant roodcrnii 
The burnt-ore bins are concrete Tbe kilns arc fired with 16 to IS'BA fuel ci* 
National Aerol burners Air pressure is 90 Ib per sq m and oil pressure 23 Ih P" 
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^q. in. The firing hoods are so designed as to mix the air and oil in a mi.xing chamber 
and fire through a combustion block, all set outside the kiln, in order to gain as great 
an effective length in the kilns as possible. Shaker feeders feed an average of 100 
tons per day to kilns 1 and 2, and 120 tons per da 5 '^ to kilns 3 and 4. Gases are drawn 
from each kiln by American Blower Go. JCo. 35 exhausters through No. 12 Sirocco dust 
collectors. The condensing systems on kilns 1 and 2 include forty 16 in, X 12 ft. 
cast-iron pipes W’ith 12 hoppers and 10 returns; on kilns 3 and 4 each sj^stem includes 
60 pipes of the same size and 18 hoppers and 15 returns. Numbers 1 and 2 are double- 
row double-deck systems, and Nos. 3 and 4 are triple-row double-deck systems. The 



o' t o' 20' 30'4 0'S!}' 

SCALE 


/ Locomofn/e f ram from mme /?. l2Xyclone dustcoNeciors 


2. Tdna aerial tram 

3. San Car/os aerial f ram 
!} l2S-ion coarse ore bin 
S WComeyorbelf 

S. /S"x 24 “Jaw crusher 

7. IS’Conveyor bell 

8. 650-1onsleel fine ore bin 

9. l8~Conveyor bell 


22. 18" Redwood stave pipes 
21 36" Redwood slack line- 140' 

24. S6''Redwood stack-40 ' 

25 Hydraulic classifier for mud 

10 16'DislnMingcomeyor bell 26. Overfloiv to burlap and sellling boxes 
H SOdon surge bins 27. S'Hoemg machine 

12. tO'shaking feeders 28. SHU for triple distilling 

13. S'xSS’ Rotary kilns 29. Flasking room 

H. Firing hoods 30. Empty flask storage 

15. T5-k>n concrete burnt ore bins 3!. Flask enameling oven 
IS bocomotive tram to waste 32. /tssay laboratory 

33. Wash and charage roam 

FiO. 9. — New Idria flow sheet. 



18. N0. 30 Exhaust fans 
19.60 Pipe C / Condensing systems 


tank system, as illustrated, is made up of 10-ft. diameter by 20 ft. high redwood tanks 
with 2-in. staves. The stack line consists of a 36-in. redwood continuous pipe to a 
concrete stack base supporting a 36-in. redwood stack 40 ft. high. It will be noted 
that each kiln and condensing system is kept separate until the middle of the tank 
system is reached. Dust is removed continuously from the collectors hydraiilically 
and is combined with all condenser-system overflow water and all spillage on the floor 
and run through a specially designed hydraulic classifier. All soot is mechanically 
hoed and the soot returned to the furnaces. The quicksilver, after leaving the soot 
machine, is washed and flows directly into storage tanks, from which it is drawn for 
flasking. All fhisking is done throtigh a volumetric weighing device to ensure accurate 
measure. Ore is transported from the mine by two aerial tnamways and by electric 
h.aulngo to a tramway terminal bin of 125 tons capacity. From this bin it is con- 
veyed to a 15 X 24 in. jaw crusher, all being reduced to minus 3 in. A second con- 
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veyer moves the crushed ore to a 650-ton ateel fine-ore bin A thu^ convejer draws 
from this bm and feeds a shuttle convejer over the top of four furnace surge bins of 
npproximatelj 50 tons capacity each The ore feeds bj gravitj from these surge bins 
into the shaker feeders The mine is served by a 55-mile power line 



Ptncht Lake ^ftne Bnlish Columhui Canala — tigure 10 shows in general the 
flow sheet of this installation humace cqupmcnt consists of three 25 ft 
cter \\ edge furnaces and Iw o 46 m X 60 ft rotary furnaces Tina plant built 
the past three to four j ears is the largest quicksilver plant in the world having a dai y 
capacity of 1300 to 1400 tons 

The flovf sheet is self explanatory however several interesting features an 
innovations are noted Because of diTculties of transportation all fumseca were 
orig nally installed to he wood fired \ftcr some experimentation fair results were 
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obtained with a wood consumption of 11 to 15 tons of ore burned per cord of wood. 
Because of increasing difficulty in obtaining suitable wood, oil burners were later 
installed on all furnaces and the Wedges were fired one-half with oil and one-half 
with wood. The rotaries were eonverted to alt oil-firing. Operation in general was 
improved by this change. Very short stack lines from the Wedge furnaces is at 
variance with most American plants, as satisfactory recoveries are obtained in the 
condensing units. In order to facilitate cleanup, screw conveyers have been installed 
under each condensing system to transport all mud and quicksilver to a central 
"refinery.” Here it is hoed either manually or on a mechanical hoeing table. The 
hoed soot is pumped to the Wedges, where it is injected through a jet directly onto 
one of the hearths. Overflow water is settled in two thiekeners, followed by a series 
of settling tanks. Each furnace has two exhaust fans arranged in parallel, one of 
which acts ns a spare. These are located at the end of the condensing system. 
Because adequate water is available, all burned ore is sluiced away from the furnaces, 
the burned ore from the rotary furnace soaking pit being fed into the flume by shaker 
feeders similar to those used for feeding ore to the rotaries. The flumes are lined 
with preformed lead smeltery slag brick to minimize wear. Ore is delivered by electric 
haulage from the mine to tw'o 400-ton coarse-ore storage bins. A 32 X 40 in. jaw 
crusher, wdth an 18 X 36 in. jaw crusher as a spare, reduces it to minus 3 in. and it is 
then conveyed to a 5 X 10 ft. double-deck vibrating screen with 2}^- and 1-in. 
screens. The minus 21^-in. plus 1-in. product goes directly to two 100-ton fine-ore 
bins for the two rotary furnaces. All plus 214 in. goes to a T-Y gyratory crusher or a 
Symons disk (which acts as a spare) delivering a minus 1-in. product. This is con- 
veyed either to a 250-ton fine-ore bin ahead of one of the Wedges or to a 650 fine-ore 
bin to feed two of the Wedges. All power is generated on the property by several 
diesel generators totalling approximately 2000 hp. 

Cordero Mine, Nevada . — The furnace used at this property is the three-zone 
Herreshoff furnace, described under Hearth Furnaces, and is the only furnace of this 
typo used in quicksilver-ore reduction. It has a capacity of approximately 126 tons 
per day and owing to the utilization of waste heat shows excellent fuel consumption. 
The condensing system, showm in Fig. 11, is made up of 9-in. tubes, the hottest section 
made of 12-gauge black iron and followed by cast-iron and, finally, 24-gauge stainless 
stool (Tj’po 317). The exhaust fan is located after the condensers and is followed by 
a 5 ft. diameter bj' 24 ft. high settling tank on top of w'hich is mounted a 24-ft. stack. 
Owing to the flat topography, several rc-elcvations of the ore are necessary, for which 
conveyor belts have been used. The ore is delivered by truck to a small receiving bin 
from which it is elevated by conveyer to a 150-ton coarse-ore bin; at the bottom of 
this bin a shaking screen and feeder delivers the minus-l-in. material directly on to 
another conveyer bolt and the plus-l-in. ore to a 9 X 21 in. jaw crusher, the product 
of which combines with the minus 1 in. on the same belt; this belt elevates the ore 
to a 250-ton steel fine-ore bin; a weightometer feeder under this bin feeds another 
conveyer which elevates the ore to the furnace. Because of the construction of this 
furnace, ore is discharged at approximately 300 to 350°F., and a conveyer is used to 
transport the burnt ore away from the furnace to a stock pile from which it is occasion- 
ally removed by truck or dragline. Power for all operations is generated on the 
property by Cummins diesel-generator units. 

iSidplii/r Bank and Reed Mines, California . — These two mines, although having 
quite distinctly different tj-pcs of ore, have one problem in common, and the same 
method has been adopted at each plant to overcome the trouble. The ore at the 
Sulphur Bank has a ver.v high content of free sulphur. The ore at the Reed has an 
appreciable free sulphur content and, as well, as much ns several pounds per ton of 
petroleum. The furnace at the Sulphur Bank is a 4 X 50 ft. rotary, and the one at 
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the Reed js a 4 X 60 ft rotary In the original installation at the Sulphur Bank and 
in an earlier installation at the Reed, the furnaces were arranged for counterflow 
operation Experience showed however, that the free sulphur and the petroleum 
burned m the upper or dr> ing end of the kiln but burned incompletely, owing to lack 
of oxjgen thus causing the precipitation of sulphur and petroleum soot in the con 
densmg system 

This situation was so troublesome that the kilns were rearranged for parallel flow 
in order that the ore upon being fed to the kiln is immediately exposed to the highest 
heat and most oxjgcn, thus more completely hummg off the sulphur and petroleum 
Although in this tj pe of kiln the lower end is used for soaking advantage cannot be 
taken of the drying effect in the upper portion of a counterflow kiln and fuel consump- 



Fio 11 —Cordero mine condensing system 


tion and temperature of gases leaving the Iriln are both considerably higher Fuel 
consumption in these operations ranges between 15 and 20 gal per ton and exit 
temperatures approximate 1000°F This latter fact requires (or permits) that con 
siderable cooling be accomplished before the gases reach the condensmgsjstem fa 
the case of the Reed plant, longer than usual pipe runs between the kiln and cj clone 
type of collector and between the collector and a cast-iron condensing systetn act as 
the cooler so that gases enter the casb-iron system at near normal temperatures ” 

This 13 a special problem known only at these mmes, and there have been no other 
successful parallel flow rotary kiln installations 

Red Deni tftne, Alaska — The furnace at thm mine is a 3 X 40 ft rotary furnace 
of 20 to 25 tons daily capacity with 8-ui ghatyr feeder, 10-m Suocco dust collector 
No 25 American Blower Co exhaust fan cast-iron condensing sjstem made up of 
16m diameter pipes two 10ft diameterby20ft high redwood settling tanks HOft 
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of 18-in. redwood stackline, and a 40 ft. high 18 in. diameter redwood stack. Tlie 
furnace is fired with wood fuel, and consumption amounts to approximately 11 to 12 
tons per cord of wood. Good combustion is obtained and, possibly because of the 
character of the wood used, no wood tars are condensed in the condensing system. 
Ore is hand-trammed and hoisted from the mine into a 20-ton coarse-ore bin which 
feeds an 8 X IS in. jaw crusher. It is crushed to minus 2 in. and fed to a conveyer 
belt that elevates and feeds a 40- ton steel fine-ore bin directly over the furnace feeder. 
The capacity of this furnace is somewhat reduced by comparison with other installa- 
tions of the same size for the following reasons; because of wood firing, the volume of 
the gases of combustion is considerably greater than for oil firing; the ore carries an 
average of 1 to 3 per cent arsenic and 5 to 10 per cent antimony, either of which may 
at times exceed twice these amounts, and thus requires a greater volume of air for 
oxidizing these volatile components; and the moisture content of the ore is relatively 
high (10 to 20 per cent). Because the cinnabar is intimately associated with the 
arsenic and the antimony, it is necessary to make a nearlj^ complete elimination of 
these metals in order to effect a complete recovery of the quicksilver. Unless suffi- 
cient air is provided to oxidize the stibnite, it has a tendency to melt, thus causing the 
ore in the kiln to stick to the brickwork. Careful control of fire and draft, however, 
makes it possible to get a good elimination of all quicksilver from the ore without 
clinkering in the kiln. Because of the relatively large amounts of antimony and arsenic 
in the ore, and because it was found necessary nearly to eliminate it from the ore bj' 
roasting, a large bulk of the oxide of the two metals was collected in the condensing 
system. This bulky precipitate was a part of the soot and made recovery of the 
quicksilver from the soot considerably more difficult than is normally the case. By 
hand hoeing it was found that frequently less than 10 per cent of the quicksilver could 
bo recovered so that two D retorts, which had been used in prospecting the mine, were 
put into use to burn the soot after hoeing. This provided a good recovery, however, 
and the procedure was adopted. Despite the large amounts of antimony and arsenic 
present, the contamination of the quicksilver by either of these elements was practi- 
callj' nil. Sampling of 1000 flasks showed no arsenic and 0.003 per cent antimony. 

Hermes Mine, Idaho . — The reduction plant consists of two modern rotary furnaces, 
4 X 64 ft., having a capacity of approximately 140 to 150 tons per day. With dry 
ore in the summer, this capacity is somewhat exceeded; however, during the spring 
thaw the ore is very wet and the tonnage may be 15 to 25 tons less than this. The 
kilns are oil fired with heavy oil (16 to 18° Be.), and fuel consumption varies with the 
moisture content. The collectors are No. 11 Siroccos and are followed by American 
Blower Co. No. 30 exh.aust fans. Condensing sj'stems include fortj' 16 in. diameter 
by 12 ft. lengths of cast-iron pipe with 12 hoppers and 10 returns, set up as a double- 
row double-deck system. Two 10 ft. diameter by 20 ft. high redwood settling tanks 
with conical bottoms, in series, follow the cast-iron system. Redwood stack lines 
and stack follow the tanks. In order to lower the temperature and knock down any 
quicksilver in the settling tanks, several grids made up of 1 X 2 in. fir, with 2 in. square 
openings, were placed one over the other in the tanks. A spray of water introduced 
at the top of the tank made each tank a washing tower, and although little quicksilver 
is collected, it is reported to have justified the installation. Firing is effected through 
high-pressure oil burners, each kiln being equipped with a 15-hp. compressor for 
atomization. All dust collected in the collectors, amounting to about 500 lb. per day 
per kiln and being of too low value to warrant re-treatment, is sluiced away from the 
plant with water. The high-grade soot collected in buckets under the condensers is 
normally hoed on a water-heated hoeing table. The residue from this operation, plus 
other low-grade soot, is dried in a tunnel drier extending tlu-ough the burnt-ore bln 
and returned to the fine-ore bin. 
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Concentration of Quicksilver Ores —The general opinion, by most quicksilver 
operators and others who have investigated the possibilities, that concentration of 
quicksilver ores cannot compete with direct fumacing, has largely been borne out by 
the failure of this method to remain or to become firmly established Like the 
development of furnacing and condensing equipment, most experimenting and most 
'nctallations were made when the price of quicksilver was high and operators more 
prosperous Consequently, it is reasonable to believe that better than average 
engineering was applied in the attempted development of concentration methods 
Likeinse, there was the counterpart of the “get by as cheaply as possible’’ retort 
builder whose concentration plant waa not destined to efficient operation There have 
been, therefore, several periods in which development advanced more rapidlj than in 
others 

Although wet crushing and treatment of ores is known to have been earned on in 
Italian mines as early as the seventeenth century, little is known of the methods or 
results obtained The first known Amcrnan concentration plant was, at the San 
Carlos mine (now a part of the New Jdna mine) where riffle boxes and rockers were 
used in 1871 Other similar operations arc reported from a number of localities until, 
m the period from 1910 to 1916, many mills were built 

Most of the mills built during this period wore gravity concentration plants 
They employed many types of mills mcluding Huntington, Chilean, ball, rod, or roll, 
some plants used no mills or depended upon screens or trommels to eott out coarse 
material Classifiers were not always used, thus giving a mixed feed to the concen- 
trator with resultant leas efficient performance Concentrators included several types 
o! tables, Frue vanners, and occasionally jip 

In a few plants, flotation cells were added m an attempt to recover values ordinarily 
lost in the slimes, and a few all flotation plants were installed 

The results of the mills operated during this period were sunilar ui that they all 
showed poor recovery In the straight gravity-eonccntration plants, the friability 
of cinnabar and the actual or attendant ovcrgnnding of the ore caused large shme 
losses The frequent failure to sue the feed to the tables closely meant less efficient 
operation of the tables, and additional losses were incurred The employment of 
flotation to recover slime losses w as handicapped by the mfsncy of the flotation process 
at that time, the cost of fine grinding, and, m one case, by the exorbitancy of roj altics 
demanded for the use of the flotation cell Because of the variety of flow sheets used 
and differences ui ore treated, it is difficult to estimate average recoveries made, how- 
ever, they probably ranged from 25 to 85 per cent, mth the belter designed and larger 
mills approximating 60 to 70 per cent Operating costs ranged from SO 50 to 81 25 
per ton ViTien it is considered that roasting of the concentrates, either in letoits oc 
by combining with furnace feed, and the cost and loss incurred m this operation is an 
addition to the miUmg costs, the comparison with direct furnacing is definitely m 
lavor ol tne'lattcr. 

An excellent descnption of milling operations in this period isgivenby BradleylH) 
The advances made m flotation were m part responsible for increased mterest m 
milling plants from 1927 to 1931 Punng this period, several flotation plants were 
built The plant built at the Sulphur Bank luinc in Cal Jornia was designed to over- 
come the problem of large amounts of free sulphur in the ore, au objectionable feature 
in fumacing Despite several years of experimentation and operation, however, the 
mill was abandoned and direct fumacing reemployed 

During this same period and in the few years following, a number of grant)- 
concentration ptantsw ere buJt including the useof jigs of thcBendelan, Pan-American, 
and Southwestern types The development of these jigs, with large capacity and 
efficient recovery and their successful use on gold dredges and in many metal miH-i 
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led to their application in several quicksilver-recovery plants. They were usually 
combined with trommels or shaking screens and riffle boxes, without any mills. Sev- 
eral of these plants were installed to treat old mine dumps or burnt-ore dumps. 
Recoveries obtained were of the same order as in previous concentration plants; 
however, their low initial and operating costs made them economically profitable 
operations. 
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Fig. 12. — Bcneficinclora de Mercurio, S.A., flow sheet. 


In 19-10, the Denver Equipment Co.ll21 installed a modern flotation mill on the 
properties of Compafiia Mercurio cn Sain Alto and Beneficiadora de Mercurio, S.A., 
in Zacatec.as, Mexico. The flow sheet of this mill is shown in Fig. 12. The ore occurs 
in sandstones and shales, cinnabar being the predominant sulphide with lesser amounts 
of mclacinnabaritc, pjnitc, and arsenopyritc. Some graphitic and carbonaceous 
material also occurs in the ore. 

A partial analysis of a sample of the ore showed; Hg, 0.55 per cent; As, 0.10; 
Fe, -hSO; insoluble, 74.60; S, 9.57. 

The plant has a capacity of CO tons per 24 hr. The ore is crushed to minus M in. 
and ground to minus 05 mesh at 67 per cent .solids. The ball mill is in closed circuit 
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with the classifier, which overflows to the conditiooer Conditioning tune is approxi- 
mately three minutes and all reagents are added to the conditioner in order to suppress 
the carbonaceous and graj slunes Beagents used per ton are Yarmor F pine oil, 
70 g .potassium ethyl xanthate Z-S, 30, Reagent 105, 20, starch or Reagent No 637, 
varies depending on free carbon content Dilution of the circuit is held to 4 1, and a 
pH of 7 2 IS mamtamed ^or best flotation results Discharge from the filter carries 
approximately 15 per cent moisture and is retorted Mill data over a representative 
period Nov 15 to Dec 5, 1941, is shown m Table 7 


Table 7 — Mill Data, BENEnciAnonx »b Mcacumo, Sara Alto, Zacatecas, 

AfEXICO 


1 

Product 

Weight, ' 
% 

Tons per ^ 
16 hr 

Hg, 

% 

Recovery 

% 

Heads 

100 00 

33 33 

0 67 

100 0 

Coneentratea 

1 39 

0 46 

46 21 

95 4 

Tailing 

98 61 

32 87 

0 03 

4 6 


The metallurgical results of this operation are interesting and show that modem 
flotation practice possibly together with an especially amenable ore, can produce 
results approaching direct furnacuig If costs can be held sufficiently low to offset a 
sometimes greater loss, there is a definite place for flotation m the metallurgy of 
quicksilver ores 

Generally speakmg, however, experience has shown that gravity concentration, 
at best, cannot approach direct furnacing owing in part to elime losses and also to the 
inability of the concentrators to make a high recovery Higher recovery can more 
easily be made at the sacrifice of grade of concentrate, a fact that has made economi- 
cally profitable the operation of concentration plants in mmes where furnaces are 
installed and operatmg Very low'-grade ores can be raised sufficiently to make them 
of furnace grade at relatively low costand good recovery , as was done at the Newldria 
mine Old mine dumps and burnUore dumps in 193S-1M1 were mmed by power 
shovel trucked to a bm, passed over a grixzly set at 2 m and a shaker screen with 

in openings All coarse material was hand sorted for high gride and the minus 
%in then passed over a 42 in Benedlarnigand thence to about 100 ft of n£Be boxes 
The grade of product collected was 0 to 10 Jb per ton from 1 to 2 lb per ton m the 
material as mmed Recovery Was 40 to 60 per cent, but costs were low enough to 
justify the operation 

Flotation of quicksilver ores has been handicapped by the nonumformity of most 
•ijuicksilver owa nwd lVv4 cost of gimdmg Tboio is quits pc®sibly a placo (or 
flotation if all factors are properly considered in advance Unfortunately large 
deposits of quicksilver ore, justifying a large nulling plant witn its low mitial and 
operating unit costs, which are uniform, and moderately easy gnndmg, are not yet 
known 

Chemical Treatment of Ores — The only wet chemical treatment process for the 
reduction o! quicksilver wnich has received considerable attention depends on the 
solubility of metallic quicksilver or cinnabar in a solution of sodium sulphide and 
sodium hydroxide, although other alkaline sulphides may be used The caustic 
hydroxide is necessary only in Small amounts to secure the maximum solvent power 
of the sodium sulphide over tlie cmnabar The reaction is represented by the equation 

HeS-f5Ia^«FrgSNa,S 
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And the recovery of the quicksilver from the solution is made by precipitation with 
aluminum according to the equation 

SHgS.NajS + SNaOH + 2A1 = 3Hg + 6NajS + 2NaAio2 + 4H»0 

Although the electrolytic deposition of the quicksilver from the alkaline sulphide 
solution has been considered, the precipitation by aluminum seems to have an advan- 
tage due to the regeneration of the NasS. 

Thornhifl[131 has described the recovery of quicksilver from amalgamation tailings 
using this process in an operation at the Bufifalo mines, Cobalt, Ontario, during 1916. 
This is the only commercial-scale operation of this type known, and although results 
were reported as satisfactory, it was not applied to cinnabar ore. 

Various experiments have shown as many results; however, it is not generally 
believed that, because of chemical-consuming constitutents of many ores, the cost of 
fine grinding, irregularity as to composition of ore feed (so common in many quick- 
silver mines), difficulties in filtering, cost of aluminum, and over-all recovery, the 
process can compete with modem furnace treatment of quicksilver ores. 

Mercurial Poisoning. — Inasmuch as all persons exposed to quicksilver are subject, 
in greater or lesser degree, to mercurial poisoning, or salivation, as it is usually called 
around the mines and reduction plants, certain precautions and fundamentals of 
design or operation should be considered. 

The principal symptoms of chronic mercurial poisoning, usually developing in this 
order until all three are evident, are stomatitis, psychic irritability, and tremors. 
Davenport and Harrington[I4] report in considerable detail each of these symptoms 
and further point out the variation in sensitivity of different people to mercurial 
poisoning. Continued exposure to an atmosphere contaminated with quicksilver 
vapor is recognized as being more harmful than intermittent exposure inasmuch as 
elimination of quicksilver entering the body through the respiratory passages, the 
gastrointestinal tract, or through the skin is slower than absorption. 

Figures on what is considered to be a dangerous contamination, likewise, vary 
over a great range depending on the sensitivity of the indhddual and whether or not 
he has previously been exposed. The figures range from 0.1 mg. per cu. m. of air up 
to 10 or 20 mg. per cu, m, ; however, the California Industrial Hj'giene Sersdee and the 
Industrial Accident Commission of California have adopted a limit of 0.15 mg. per 
cu. m. of nir[15l. 

Precautions to be taken to prevent mercurial poisoning are listcd(141 and generally 
include personal cleanliness and good housekeeping around the reduction plant. In 
design and operation of the various types of plants, leakage of fumes or dust should 
be prevented, good ventilation pro'vided in all dangerous areas, protective clothing 
and respirators worn by workmen when subject to exposure, and mechanical soot- 
treating devices used to the greatest extent in order to reduce exposure. 

The fact that attention has been devoted to this subject with successful results is 
evidenced in the compensation insurance rates for workmen in this classification in 
California, where three mines pay between S2.98 and S3.86 per 8100 of pay roll, 
depending on the experience rating of the mine. This compares with surface-mining 
rates of 83.60 to 84.50 and underground-mining rates of 87 to 89 per 8100 of pay roll. 
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Medma, in a Teport by Luw Bctnd de Montalvo, addressed to tbe Ticeroy of Mexico 
and printed in Mexico m lfr43, and also in a memoir by Dfaz de la Calle to Philip I\ , 
printed in Madrid in 1&4G Montalvo intimatea that Medina derived his information 
from Spam that silver could be obtained from its ores by means of mercury and salt 
The process m as especially adapted to the arid regions of Mexico and South Amenca 
nhere fuel and water were scarce and transport expensive It is still used to some 
extent in these countries and wdl be described m detail later 
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Fro 1 — The chlorine Dietallurgical tree 


The “Cazo” or caldron process was mi^nted in 1590* by a priest, Alvaro Alonzo 
Barba, at Tarabuco, 24 miles from La Plata, Peru (now Bolins) This process was 
the ancestor of the pan amalgamation process It was particularly adapted to the 
rich surface ores of that district contammg chloride of silver, and it was also applied 
to silver sulphide ores to some extent The process was conducted m a vessel 
wholly of copper, or having a copper bottmn This vessel or caldron was provide 
with a vertical shaft, to which radial aims were attached for agitatmg the ore Fmdy 
ground ore, water, and common salt were mixed together to the consistency of a thm 
pulp and placed in the caldron 

iBasba AtvASo Alonzo £1 Arte Ae loa Mebdes 3d book Spain 1610 DovotAsand 'tzTS*' 
SON EngliAb translation pp 149-194 New York and lAHidon 1923 
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The caldrons, usually four in number, were placed on top of an adobe furnace built 
like a cook stove, and heated so as to keep the ore pulp at the boiling point, hlercury 
was added, and the boiling pulp was stirred continuously for several hours, after which 
time the amalgamation was completed. The caldron was removed from the furnace, 
the tailings washed away with water, the amalgam recovered, and the process repeated 
with a new charge of ore. The active chemical reagents were the copper of the caldron 
and the boiling solution of common salt. The silver chloride in the ore was dissolved 
in the hot brine and reduced to the metallic state by the copper of the caldron, and then 
amalgamated by the mercury. The cuprous chloride formed was also dissolved bj' the 
salt solution and became active in converting the silver sulphide minerals into the 
chloride, although if a large amount of sulphide minerals were present preliminary 
roasting was recommended on account of the consequent loss of mercury. In later 
years, iron was added to the caldrons to reduce and recover mercury that had become 
soluble or floured. 

The Krohnke process, in which cuprous chloride was added to the hot salt solution 
to decompose the sulphide minerals, was introduced in Chile in 1860. The silver was 
recovered by means of zinc or lead used in the form of amalgam. 

Chloridizing Roasting. — ^In Europe, where fuel, mechanical appliances, and better 
operating facilities were available, more complicated processes were developed to 
treat ores. Chloridizing roasting of silver ores was first introduced in Vienna by Born, 
and combined with the Cazo process in 1786 at Chemnitz in Hungary. The Cazo 
process was soon superseded in Europe by the barrel-amalgamation process, which was 
first installed on a large scale in 1790 at Halsbruckcr Hiitte, near Freiberg, Saxony. 
Metallurgical works had been established at this point since 1710, and chloridizing 
roasting with barrel amalgamation was used not only for the ores but also for metal- 
lurgical products, such as matte, blister copper, and speiss. 

The chloridizcd ore or furnace product, still containing an excess of salt, was 
rotated in a wooden barrel with water and scrap iron until the silver was reduced to a 
metallic state. Mercury was then added to recover the silver as amalgam. Owing 
to the base metals present, which were also chloridizcd in roasting and reduced by the 
scrap iron, the bullion obtained was very low grade. Attempts to “destroy” the base 
metals by roasting at a higher temperature resulted in considerable loss of silver 
through volatilization with the base-metal chlorides, and the chloridizing roast was 
eventually used only on the low-grade ores containing the least amoimt of volatile 
base metals. 

This led to the invention of the Avgustin process and its introduction at the 
Gottesbelchnung Hiitte near Mansfcld, Germany, in 1843. Later in the same year, 
the process was introduced at the Freiberg works. In this process ores were roasted with 
salt and then leached with a saturated solution of common salt. The silver chloride 
passed into solution, from which the silver was precipitated by metallic copper. The 
process was introduced at both Mansfcld and Freiberg to recover the silver from the 
copper mattes, but, owing to the imperfect c.xtraction of the silver by the brine, it was 
soon abandoned and was superseded by the Ziervogel process in 1848, which was 
applied more particularly to mattes and furnace products than to the ores themselves. 
In this process no salt was used. The iron and copper were converted into o.xides and 
the silver into sulphate by careful oxidizing roasting. The silver was then leached 
out by warm water and precipitated on copper. 

Hyposulphite Leaching— Patera Process.— In 1848, Dr. John Percy, of London, 
suggested the use of sodium or calcium thiosulphate — incorrectly called hj-posulphite 
— as a solvent for the chloride of silver after ores had been subjected to a chloridizing 
roast. The first practical application of this suggestion was made in 1850 by von 
Patera on the rich silver ores of the Joacliimsthal district, Bohemia. To reduce 



520 


NONPERBOUS METALLURGY 


losses by volatilization, von Patera introduced steam into the furnace dunng the 
ctilondizing roasting This process was first introduced m America by Ottokar 
Hofmann, in 1868 at La Dura, Sonora, Mexico, it was gradually adopted at other 
mines in Mexico and the United States, reaching the zenith of its application dnnng 
the succeeding 25 years, until the demonetization of silver by the go\ eminent of the 
United States in 1893 closed every leachii^ plant in this country that had been treat 
mg silver ores 

Up to this tune, and for a number of years aftCTward, gold m ores that had been 
subjected to a chtoiidiiing roast was supposed to be converted into the chloride, which 
decomposed into chlorine and metallic gold at a temperature below 300°C Hence 
if gold occurred in silver ores, it was converted into metallic gold by chlondizing 
roastmg and w as not recovered by any of the solvents used for the extraction of silver 
Plattnei Process — Plattner proposed converting the gold into chloride by means 
of chlorine gas and extracting it with water This process was introduced in Sdesia 
Germany, in 1851 The ore was cither roasted "dead ' or, if it contained silver it was 

chlondized hy roasting with salt The silver was first leached out by hrme or "hypo- 
sulphite ’’ solution, then chlorine gas was applied to the ore in the vats The goM was 
recovered by subsequent leaching with water and precipitating by means of ferrous 
sulphate (see et Chlonne-gas Processes) 

tongmaid-Hendcfson Process for Copper Ores — The treatment of copper ores 
by cWondizing roastmg was first patented by Longmaid in 1844 and was first applied 
to the extraction of copper from pyntic residues or calcmes by Wilbam Henderson of 
Scotland in 1859--1860 ‘ 

Pyrites from Spam and Norway, which were used throughout Europe for making 
sulphuric acid, contained 3 to 8 per cent of copper After the pyrites were roasted 
for the manufacture of sulphuric acid, the residues were egam roasted with aalt hy 
the Henderson process, to convert the copper into chloride The chloridized ore naa 
then leached with water or dilute acid, and the copper was precipitated from the 
solution by iron 

The gases from chlondizing roasting contamed sulphurous acid, hydrochloric acid 
and chlcpiine To prevent these gases from becoming noxious to Ibeneighboihoodiand 
to utilize their acids, they were passed through coke towers sprayed with water, 
which collected not only the acids but any volatilized metallic chlorides as well Tlie 
water from the scrubbing towers was used for leaching the chloridized ore 

This process was patented in the United States in 1866 and was in constant use, 
both m tins country and Europe, for over COyears It will be further described under 
the paragraph on copper ores in the section on Chlondizing Roastmg and Leaching 
Processes 

tVTien the residues or ores contained silver, that metal was precipitated from solu 
tion as an iodide by the Clavdet •process before the precipitation of the copper 

Hunt & Douglas Process*— About the same tune, 1862, ferrous chloride was 
suggested by Schaffner and Unger, of Germany, as a solvent for copper in ores Thu 
method was developed later m the United States into the Hunt & Douglas process- 
It was designed to treat oxidized copper ores with siliceous gangue 

Ferrous chloride was made by dissolving copperas (ferrous sulphate) and commw 
salt in water An excess of salt was then added, and the sulphate of soda was removed 
as much as possible by crystaUizaton This solution, therefore, became a bnne 
solvent containing a soluble baso-metal (ferrous) chloride The process was apph 

I Eisslbb M*scBtv The Hrdcocnetelluigy ot Copper being an attontit ct pioces*®* 
tho hydromelallurgieal treatment of eupnferoiu orea including the manufacture of „ 

with chapters on the eourcee of aupply of copper md the roaeting of copper ocea pp 8? lOJ 
indNewtorlc 1902 
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^able to raw ore containing oxide or carbonate of copper and was later applied to the 
separation of silver and copper in roasted matte, because silver minerals are likewise 
soluble in the brine as prepared. The copper was precipitated on scrap iron in the 
usual manner. If silver was present, it was first removed by precipitation on copper. 

The Hunt & Douglas process passed through many modifications on account of the 
difficulty of treating ores containing any carbonate of lime or magnesia, both of which 
precipitate the iron from the solvent. It was abandoned many years ago and was 
replaced by smelting and electrolytic refining. Acid leaching has replaced it in 
hydrometallurgj'. 

The Doelsch process,^ using ferric chloride as a solvent for copper, was invented 
about this same period to treat the sulphide ores at Rio Tinto. An attempt was 
made in 1914 to revive this process under the name of the Slater process,- but it did 
not pass the experimental stage. The feature of the Slater process was the regeneras 
tion of the ferric chloride. A lixiviant containing ferric chloride and hypochlorou- 
acid was produced by suspending ferric hydroxide in the anode compartment of a cell 
in which a salt solution was electrolyzed. After the dissolution of the copper from 
the ore, ferric hydroxide was precipitated from the lixivium by means of the sodium 
hydroxide produced in the cathode compartment of the electrolytic cell. Under the 
highb’’ oxidizing conditions in the solution, ferric hydro.xidc can be preferentially 
precipitated in this manner without precipitating any of the copper. The ferric 
hydroxide precipitate was returned to the circuit in the anode compartment for the 
generation of now lixiviant, and the copper was recovered from solution by the usual 
methods. The only reagent required was common salt. The process was not adapted 
to basic ores. A slight modification of this process was developed by the Midland 
Ores & Patents Co.’ at Waverly, N. J., in which the solution containing ferrous 
chloride, after precipitating the copper on iron, was regenerated direct by electrolysis, 
yielding ferric chloride for new ILxmant and metallic iron for copper precipitation 
(sec page 540). 

The Hoepfner process for copper ores* was introduced in Germany in 1891. The 
copper ore was leached in revolving barrels Avith a solution of cupric chloride and salt 
or calcium chloride. The lixivium was purified by precipitating the silver on metallic 
copper, by cooling to separate the lead chloride, by adding powdered limestone to 
precipitate the arsenic, antimony, and bismuth, and by the use of air in a special 
manner to precipitate the iron as oxide. It was then electrolyzed to precipitate part 
of the copper ns pure metal, and to regenerate cupric chloride for leaching new ore. 
Owing to difficulties in manipulation, the process was not a commercial success. 

Hoepfner Process for Zinc Ores.* — The ore Avas roasted with salt at a tempera- 
ture not to exceed 650°C. and leached with hot water. The solution Avas purified by 
cooling to 5°C. to crystallize out the sodium sulphate, by adding bleaching poAvder 
and marble dust to precipitate the iron and manganese, and by adding poAvdered zinc 
to precipitate the other electronegatiAm metals. The purified zinc and sodium 
chloride solution Avas elcctrolj’-zcd for the production of metallic zinc and the rccoA'ery 

* CtiMEsnE, Notes sur le Rio Tinto, Ann. mines, A^ol. OG. 

* Morse, H. AV., The Slater Leaching Process for Copper Ores, Mining Sci. Press, Jan. 24, 1014, 
p. 181. 

•Leaching at Yerrington, Mining Sci. Press, July 17, 1915, p. 91; Pemiy, R. AV'., I^iaching Oxidized 
Copper Ores with Ferric Chloride, Mining Sci. Press, May 17, 1919, iip- 069-C7-1 ; Miodletok, PEncr R.. 
Ferric Salts as Solvents in the Leaching of Roasted Copper Ores. Eng. Mining Jour. Press, Sopt. 9, 1922, 
pp. ■l.')2--153. 

' Z, ongew. Chem,, 1891, p. 160; OiTicieUe Zeitung der intemationeden elektratechnischen Austellung, 
Frankfurt am Main. No. 27; Eiuciia, Kant.. Hoepfner’e Electrolytic Copper Process, Eng. Mining Jour 
Apr. 30, 1S92. p. 171. 

‘ CcBSTitEn, E.. Electrolytic Zinc Extraction by the Hoepfner Process, Eng. Mining Jour., Iifay 16. 
1903, pp. 750-752; Mineral /nd., A’ol. G, pp. 668 and 675; A’ol. 7, p. "IG; and A’ol. 9, p. 688. 
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of chlorine to make bleaching powder The process was used for a short tune m 
Europe 

Swinburne-Ashcroft Process for Complex Ores — The use of chlorine gas in the 
metallurgy of lead, zuic, and other base metals was brought into commercial promi 
nence by Swinburne and Ashcroft of England, who obtained theu- first patents m 
1897 * In the original process, as operated at Broken Hill, Australia dry ehlorme 
gas was apphed under pressure to the dry and coarsely pulverized sulphide ore in a 
closed shaft furnace known as the “transformer “ The chemical reactions invob-cd 
are strongly exothermic and supplied all the heat necessary for operation By 
regulatmg the flow of chlorine gas to the supply of fresh sulphide ore, a temperature 
of 600 to 700°C could easily be mamtamed m the transformer 

The reaction between dry chlonne gas and a mineral sulphide results in the for 
mation of a mctaUic chloride and free sulphur, as shown by the equation 

xs + a, = xa, + s 

\t the temperature named, the sulphur distilled from the top of the transformer and 
the fused metallic chlorides, with the gangue in suspension, were tapped from the 
bottom The metals were recovered by substitution, the fused chlondes, as they 
came from the transformer, were stirred mto a bath of molten lead, which decomposed 
the precious metal chlorides and recovered these metals in the form of a high grade 
lead bullion from the lead bath the fused chlondes were drawn to another kettle and 
treated ivith zme to recover the lead, the remaining chlorides were then dissolved in 
water and treated with chlonne gas to oxidize the iron and manganese, tine oxide 
obtained by roasting high grade blende, was added to this solution to precipitate the 
iron and manganese as oxides, which were removed along with the gangue of the ore 
by filtration As will be seen by following this Lne of substitution, all the original 
chlorine was ultimately combmed with zinc, and the filtrate from the uon and mange 
nese oxides was a commercially pure solution of zme chloride In the final phase of 
this process, the zmc-chlonde solution was evaporated to dryness and the sme chlonde 
fused and electrolyzed for the recovery of metallic tine and the regeneration of the 
chlonne gas 

The process was cyclic There was no appreciable loss of ehlorme at any stage of 
the operations and all the substitution metals were produced by the process itself, 
but the process did not prove successful as designed and operated Its operation was 
limited to sulphide ores or concentrates carrymg not over 30 per cent gangue, in order 
to maintain the temperature required 

A modification of this process was developed by Baker and Burtcell of Cleveland 
Ohio, m 1904—1908 ’ The finely pulvcnied drj ore was placed m a porcelain Imed 
tube mill provided with lead lined trunnions, and supplied with flmt pebbles bo"' 
grade complex ores were treated, and lo the absence of a high percentage of sulphur 
the temperature was kept down to 100*0 Dry chlorine gas was admitted to 
the tube mill, and chemical action began at once As the tube mill revoh ed, the peb- 
bles ground off the metalhc chlondes as fast as formed and constantly exposed fre«h 

' BwnfBVBifi Jauzs Chlonne SseltiDK inth Eleetrolysia Traitt Faraduy Soe 3a1y 1 
Set Pren Aug 8 »nd IS 1903 ElertreehetK Ind (now CAem if it Eng ) Vol 1 PP 
Aufuel 1903 Vol 2 p 40-1 October 1904 Vol 3 pp 63-66 February 1905 Eng ifintng Jo“’ 
Aug I 1903 STznrHABT O J Chlonne SmelUog srintng 5ci Preii Nov 28 1903 
E A Tran* Inil iftning Net [Lanian) June 19 1901 iftneral Ind Vol 9 PP ^ol 1 

pp 207 and 677-682 

• Baker. CraslesE A New AppbeatiODof Cfaiorue in Metallurgy Trane Am EJnlrothrm. Sm 
Vol 12 pp 115-183 October 1907 CUetroefceei Net W (now Chem. ifrf Eng) \ol. 6 p 
Vol 6 p 433 1908 Baker aud DimwXU. Etectrolyt eCUonuation Trocees NtntngSet.Priee 
und 20, 1905 
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surfaces of ore to the action of the chlorine; thej’’ also broke up any lumps that might 
be formed. The free sulphur that ivas formed remained with the ore. If the tempera- 
ture was allowed to get too high, considerable sulphur chloride was formed, which 
distilled off at about 150°C. 

After chlorination was completed, the ore was discharged from the tube mill and 
leached with water, thus giving a clean solution of metallic chlorides free from sulphur 
and gangue. The metals were recovered from the aqueous solution by substitution. 
The gold and silver were precipitated on copper, the copper on lead, and the lead on 
zinc. After oxidation with chlorine gas, the iron and the manganese wore precipitated 
by means of zinc oxide, and the zinc and the chlorine were recovered by the electrolysis 
of the fused chloride as in the Swinburnc-Ashcroft process. A couple of experimental 
plants were erected in Montana in the years that followed, but, owing to operating 
difficulties, they did not prove successful. The most serious difficulties were to evap- 
orate zinc chloride solution without the formation of basic salts and the consequent 
loss of chlorine as hydrochloric acid, and also the development of a satisfactory cell for 
the electrolysis of the fused zinc chloride. 

About this time, John L. Malm, of Denver, Colo., began e.xperimenting with the 
Baker-Burwell process, which he greatly modified and developed. This will be 
described as the Malm process^ in the section on Dry Chlorine-gas Processes. 

PohlS-Croasdale Volatilization Process. — Loss of metals from volatilization 
during chloridizing roasting was known already when Plattner undertook a study 
of the conditions and extent of this loss in an elaborate series of experiments on 
both oxidizing and chloridizing roasting. The results of his experiments were pub- 
lished in his “Mctallurgische Rostprozesse” (1856). He mentioned considerable 
loss of silver chloride when it came in contact with other easily volatilized chlorides 
and discussed at length the volatile products of the chloridizing roasting, but he failed 
to record any loss of gold by volatilization. 

Loss of gold by volatilization was recognized from time to time® and was the source 
of serious monetary loss in treating gold-silver ores by chloridizing roasting, but the 
cause of this loss seemed to be little understood. It was generally attributed to tel- 
lurium,* and not to chlorine, because the ehlorides of gold were supposed to decompose 
into the constituent elements at a temperature below 300°C.; therefore, all gold 
should remain in the ore in metallic condition. The first person to recognize chlorine 
as the source of this trouble was C. H. Aaron,* but after many experiments on roasting 
California gold ores with salt he came to the conclusion “that gold is volatilized in 
some form not easily condensable." 

Christy' investigated this subject in the best chlorination mills in California as well 
as in the laboratorj’' during the early eighties, and came to the conclusion that losses of 
both gold and silver increase (1) with increased percentage of salt added during the 
roast; (2) with increase of time and temperature during roasting; and (3) when sail 
is added after a long oxidizing roast instead of at the start. Cliristy qualifies the last 
statementby sajnng that, “while there is a rapid volatilization of gold and silver when 

’ TnAPnAGEN, F. tV., Dry CWorination of Sulphide Ores, jlftninp Sci. Press, April 10, 190D, p. 522; 
Hkuihck, E. L., The Mniin Dry Chlorination Process, Mines niid ,VinrTnIs, January, 1910, p. 370; 
loNiDEs, S. A., Dry Clilorinatlon of Complex Ores, .Vfntnp Sci. Press, May 27, 191G, pp. 781-787; 
M eiEn, C. G., Possibilities of Dry Chlorination of O.xidiicd Zinc Materials, Eng. Mining Jour.-Press, 
Vol. 115, pp. 51-5-4, January, 1923. 

’CnniSTr, S. B., The Losses in Rosustinc Gold Ores nnd the Volntility of Gold, Trans. A.I.M.E., 
Vol. 17, p. 8, 1SSS-ISS9; DEiinAT, H., Notesurlechlornre d’or, Compl. rend., Vol. 09, p. 984, 1809. 

> KOsTEt, Guido. Roasting of Gold nnd Silver Ores and the Extraction of Their Respective Metals 
without Quicksilver, p. 57, San Francisco, 1880; CiiniSTT. op. cil., p. 3. 

‘Aaron, C. H., "Leaching Gold and Silver Ores, the Plattner and Kiss Process, a Practical 
Treatise," p. 121, San Francisco, 1881. 

* CnnisTT, op. fit., pp. 3-44. 
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salt 13 added at the end of the roast, the gold cblonde 13 quickly decomposed by the 
SOj gases and by the raw ore itself m the cooI» end of the furnace, and the gold is 
ledeposited in metallic form, so that the actual loss is not so great as when salt is 
added at the beginning of the roast " 

Stetefeldt* expressed his opinion that the gold escaped as a double salt, and, if this 
were true, the loss of gold depended on the volatdity of the chloride mth which the 
gold chloride was combined 

In an earlier treatise,* Aaronetates that the base metals are chlondizedbycUorid- 
izing roastuig, but they are not volatilized to any extent, while KOstel* takes the oppo- 
site view and states that "base metals as sulphates take up their share of salt and 
consume a large portion, but, as their chlorides are volatile, the salt is a means of 
getting nd of a great deal of the metals during roasting which are not desirable m the 
ore for subsequent treatment of silver " 

The foregoing constitutes a brief eummatioQ of the knowledge of volatilization up 
to 1898 Much that is recorded is contradictory There was no thought of making 
a commercial extraction bj volatilization and the recovery of the volatilized chlorides, 
if attempted, was only a phase of the general treatment of the ores 

In 1891-1893 Croasdale discovered that a commercially complete (above 90 per 
cent) volatilization of gold could be obtained from Cripple Creek ores by roasUng 
with salt About the same tune, Pohl4 independently obtained similar results with 
silver ores from Aspen, Colo Systematic investigation of the volatilization of metals 
as chlorides was begun by these men in 1898 and was carried on with a large-scale 
experimental plant until 1903 * Numerousin%estigators‘bavewoikedonthisproce&'i 
since that tune The process will be further discussed m the section on Chionde 
Volatilization Processes 

CHLORIDIZING PROCESSES FOR RAW ORES 

With the exception of the Malm process, chlorine processes for raw ores of the 
precious metals are necessarily confin^ to the treatment of surface ores, or to clean 
gold and silver sulphide ores in which the gold and silver sulphide minerals are not 
combined with base-mctal sulphide mmerals To obtam a commercial recovery of 

iSTZrerzLvr C A TheAoisIgatastioaofGoIdOrcs and Ibslossof Co din Cblondii ns RouUrr 
vnth Especial Reference to Roastins in a EteteMdt Furnace Trant A t If E Vcl 14 pp S3S-S41 
1886 

•AaroK C n A Practical Treatise on Teetlng and Working EUver Orel San Francisco 1876 
pp 35-36 

• KCstei, op exi p 29 

< CBOAgBAL* Stpabt Volatiliiaf too of Metals on CUondea Bne Mxnxng Jour Aug 29 1903 pp 
312-314 Sept 19 1903 p 420 iUning ifag J trxdtn March 1914 pp 200-204 MATBfB H*™tA 
Eng ifxnxngJovr Sept 5 1903 and Oct 17 1903 p 576 HAwxma Edwim N Eng HxnxngJovr 
Oct 3 1903 p 490 Roei SsbT K Metellurcr of Gold q 291 London 1915 

iVarlst Tbouas and others V 8 Stir Mint* BuU 211 1923 the chloride volatiliiation procCM 

of ore treatment being a complete compilation of the work that has been done on thu process LATiim 
Hasai R Chloridiiing Processes Afininp 8n Fress Jan 17 1920 pp 77-83 Chloride Volat I «st on 
Process Press Auj 27 1921 p 284 Thermal Requiremente of Chlondismg 1 olatibi* 

tion jlfininp Sex. Press Feb 25 1922 pp 264-266 CUondiz ng VolatUiiation— Borne ExperimeDts 
and Their Practical Application Eng MxntngJottr Nor 12 1921 pp 784-770 BRAoroRP RoBZBfH' 
The VclatiUsation Proceea at the Pope-ShenoD Mine Armuie 5e» Press Aug 20 1921 PP 263-21^ 
Vablzt Thomas and C C StctihSOh Development of the Chloride Volatilisation Proceee by t a 
U S Bureau of Mine* Eng iltntng Jour Jane II 1921 pp 991-993 VaBLBT Thomas Chlorde 
Volatilisation Eng Minxng Jour Feb 18 1922 pp 276-278 Cahl, Rtruotr Heat Requ rements " 
Cbloridising Volatilisation Eng Afininir Jow FVest June 3 1922 pp 957-958 Ralston Oi^iab 
Heat Requirementa of Chlotldising Volatiliaaboo Eng UtnxngJour Prut Apr 15 1922 PP ’ 
Howe Ben Gold Recovery by VoUt Ijsation ifonUdg Jour V e»t Auitralxan Chamber of 
December 1912 Minxng Mag London Afareb 1913 ATmibp Set Press Mar 29 1913 p 
1913 p 535 
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the gold and silver, the base metal sulphide minerals should not exceed 2 or 3 per cent; 
if more than this amount, concentration or roasting should precede the chloridizing 
process. Ores in which the silver is combined with arsenic and antimony as sulphides 
must be treated by chloridizing roasting to liberate the silver, or leached with alkaline 
sulphides. Base ores containing carbonates of lime and magnesia are not adapted to 
these processes, owing to their precipitating action on the metallic chlorides, which 
prevents reaction on the silver minerals. The gradual disuse of these processes 
lias been brought about by the world-wide depletion of surface or suitable ores and 
the necessity of other methods of treatment for the complex sulphide ores that come 
with deeper mining; also by the possibility of treating lower grade ores on a larger 
scale at less cost by the cyanide process. Base-metal recoveries are made with the 
hlalm process. 

The Patio process is still used in isolated districts of Mexico and South America, 
but with modem machinerj' and methods of transportation it has been almost com- 
pletely replaced by the cj-anidc process and by the custom-smelting plant. A com- 
plete description of this process is given on page 517. Therefore, a brief outline of its 
relationship to chlorine metallurgy will sutRcc here. 

The salt and copper sulphate react to form sodium sul])hate and cupric chloride. 
Some cuprous chloride is formed by the action of mercur 3 ' on cupric chloride, and this 
is dissolved bj' the brine in the ore pulp. Both cupric and cuprous chlorides react on 
the sulphides of silver, forming silver chloride and copper sulphide. The silver chlo- 
ride is dissolved bj’’ the brine in the torta, and the silver is precipitated in metallic 
form h\’ the mercury, after which it is immcdiatclj- amalgamated. Mercuric and 
mercurous chlorides are formed by the chemical reactions. Considerable silver 
sulphide is said to be reduced dircctlj’’ to metallic silver bj^ the mercurj', with the 
formation of mercuric sulphide. 

The recoverjf of silver b 5 ' this process will range from 75 to 80 per cent on favorable 
ores, but will drop below 60 per cent on ores containing an appreciable amount of base- 
metal suphides, particularlj* blende or arsenical and antimonial sulphide minerals. 

There is a chemical loss of mercury in the form of soluble chlorides, as well as a 
mechanical loss due to the flouring of the mercury by surface chemical action of sul- 
phide minerals, but the total loss is not so much as would be expected. It is said to 
amount to about one and one-half times the silver recovered. 

This process is applicable onlj' where labor and the few necessarj’^ supplies are 
clicap, equipment and freight are costh', and time of little importance. For example, 
the Noche Buena and Feliz Ano mines in the Totolapam district, about 75 miles east 
of Oaxaca Citj', Mcx., in 1925 had in active operation six patios and were preparing to 
build six more. Extraction by the patio process was reported bj' the manager to be 
unusual!}' high. Excessive freight rates, by muleback transportation, on stamp- 
mill concentrates caused the mine owners to enlarge their patio fncilities.i The writer 
has not been able to obtain recent information. 

The pan-amalgamation process was evolved from the “cazo" or caldron process. 
In Europe, where it was first used, the amalgamating was done in revoh'ing barrels 
and was known as the “barrel-amalgamation” process. Pan amalgamation seems 
to have been an .-Vnierican development, and it was first operated in the United States 
at Washoe, Ncv., in 1861. For a long time it was known as the “Washoe 
process.” 

The “pan” was made wholly of cast iron, or with a cast-iron bottom and wooden 
sides. In cither case the bottom was made hollow for the introduction of steam to 
heat the charge. Cast-iron nuillers for grinding, stirring, and amalgamating the 


* £nff. Min, Jour,^Prfxs (Sept. 5, 3S6. 
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oie wpre attached to a vertical shaft m the center of each pan The capacit> of 
each pan ranged from 0 5 to 2 tons of ore and was usually about tons 

The ore was first crushed by jaw crashers and then by stamps or ball mills If 
crushed wet, the excess of water was removed by settling tanks The crushed ore 
from the settlmg tanks was then shoveled into the pans Salt and copper sulphate 
were added m the ratio of 5 to 10 lb of salt and 2^ to 5 lb of copper sulphate per 
ton of ore MTien the ore is free from interfering minerals, the salt has been reduced as 
low as 2 lb and the copper sulphate to 1 lb per ton \\ ater was added in sufficient 
quantity to make a thin mud, and steam naa admitted, not only in the jacketed 
bottom of the pan, but sometimes into the ore itself, until the charge in the pan was 
maintained at the boilmg point The grinding and stirrmg of the charge was con 
tinued for 2 or 3 hr , in which time the chemical action was completed 

Mercury, equal to 10 per cent of the weight of the ore was then sprinkled oier the 
ore pulp by straining through canvas or chamois and the stirring continued for 3 hr 
longer — ^when amalgamation was completed 

The whole charge was then washed from the pan into a settlmg tank provided 
with radial arms and agitated under a constant flow of water until the amalgam 
collected in the bottom of the tank and the tailings were washed aw ay The amalgam 
was then transferred to a small pan known as the cleanup pan, where it was stincd 
with additional mercurj and washed with water until free from ore particles The 
silver and gold were finally recovered by retorting the amalgam 

The chensiatrj of this process \s the same as that of the Fatio process, except that 
the iron of the pan and muUers also acts as a reducing agent, not only for precipitating 
Sliver in metallic state from its chlorides but also for preventing the formation of anv 
chlorides or sulphides of mercury, and in this manner avoids the chemical loss of 
mercury mentioned under the Patio process The ore must be siliceous or neutral 
in character to avoid precipitation and the loss of effective copper salts by the carbo- 
nates of lime and magnesia although the iron of the pan has a tendency to reduce 
these salts to copper and hence militate against their eSectivenesa 

Two important modifications of the process were developed later The first was 
known as the Boss process, in which the ore from the stamp mill was fioelj ground 
in pans and then flowed contmuously through a series of amalgamating pans and 
settling tanka This made the process continuous and saved considerable tune and 
labor in transferring the charges from settling tanks to pans and from pans to settling 
tanks The other modification, where economic conditions were favorable, was the 
introduction of the chlondizing roast previous to pan amalgamation By this loeana 
the silver sulphide mmerals, as w el! as the base-metal sulphides, were converted more 
completely into the chlorides in the roasting furnace, and the addition of salt and 
copper sulphate to the pan was rendered unnecessary unless the ore was msufficiently 
chlondized during roasting 

The pan amalgamation process was well adapted to surface or oxidized silver gold 
ore where the gold was subsidiary in value and not amenable to ordinary amalgama 
tion and where the silver occurred as a haloid, or, if it occurred as a sulphide mineral 
the ore was comparatively free from the base-mctal sulphides l\ith such ore the 
recovery averaged between 80 and 85 per cent, the process was metallurgically clean, 
it yielded a product of bullion and involved no troublesome by products, it was 
simple to operate, the supphes needed were cheap and easily obtained 

The disadvantage of the process was the small capacity and consequent high oper- 
ating cost per unit of equipment, m, one pan niis has been the prmcipal reason 
for the abandonment of this process anditsieplacemcnt by leaching processes, particu- 
larly the cyanide process The last two notable and emmently successful examples 
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of the pan-amalgamation process in the United States were at the Commonwealth 
mine, Pearce, Ariz., and at the Presidio mine. Shatter, Tex. 

At the Commonwealth mine the ore was almost pure quartz; the ore milled aver- 
aged 15 oz. silver per ton; the silver occurred principally as a halide. The gold was 
subsidiarj^ in value and averaged 0.05 oz. per ton. The first mill, built in 1896, had a 
capacity of 200 tons daily, which was large for pan amalgamation. The ore-was 
crushed dry in Jenisch ball mills, but these were not entirely satisfactory, and after a 
fire in 1900 they were replaced by stamps and the ore was crushed wet. The mill 
operated until 1910, when the cyanide process was introduced. The recovery by 
pan amalgamation was 77 per cent on 15-oz. ore; the average cost of milling was S1.60 
per ton for the 400,000 tons treated; the loss of mercury was 0.2 lb. per ton of ore. 

At the Presidio mine' the ore was a siliceous limestone averaging 18 oz. of silver 
per ton, principally as a chloride. The ore also contained some galena. A pan- 
amalgamation mill of 70 tons daily capacity was buUt in 1884 and operated continu- 
ously until 1913, when it was converted into a cj'anide plant of larger capacity. The 
average recovery by pan amalgamation is reported to have been 85 per cent. So far 
as the writer knows, the reconstruction of this mill marked the extinction of the pan- 
amalgamation process in the United States, but the process is probably still used to 
some extent in South America. 

CHLORIDIZING ROASTING AND LEACHING PROCESSES 

Chloridizing Roasting. — The gradual exhaustion of oxidized ore and the increase 
of base-metal sulphide minerals with the silver sulphide minerals, together with the 
increased facilities for transporting fuel and supplies, led to the introduction of 
chloridizing roasting and the attendant leaching processes. 

In chloridizing roasting, furnace heat replaces water in effecting the desired chemi- 
cal reactions, viz., that of breaking up the sulphides in the natural minerals and con- 
verting the metals into their respective chlorides. This is done by roasting the ore 
with common salt and a proportionate amount of sulphur in almost any type of 
roasting furnace. If too much sulphur is present in the ore, the excess is removed by 
preliminary roasting; if the ore is completely oxidized, siilphur is usually added in the 
form of pyrite or native sulphur in sufficient quantity to complete the reaction. The 
reaction between the salt and sulphur, when heated in the presence of air, is shown by 
the following equation: 

2NaCl -h S -f 20. = Na.SO^ + Cl. (1) 

From this equation it is ob\’ious that an excess of sulphur in an ore is an unneces- 
sary consumer of salt. 

For the metals that are converted into chlorides by chloridizing roasting, the follow- 
ing equations will indicate, in their simplest forms, the chemical reactions that occur 
in the furnace: 


2NaCl + Ag.S -1- 20. = Na.SO, + 2AgCl (2) 

2NaCl + aiS + 20: = Na.SOi + CuCU (3) 

2NaCl + PbS + 20: = Na.SO, + PbCU (4) 

4NaCl + 2CuO -f S: + O. = 2Na.SO< + 2CuCI. (5) 

4NaCl + 2PbO + S. -h O. = 2 Nn.S 04 + 2PbCl: (6) 


The equations for oxidized ore apply also to the carbonates, which decompose to 
the oxides on heating. Sulphates and silicates decompose salt by the direct inter- 
change of the elements and radicals without the addition of sulphur. 

' Adkis'bon, Hknkt M., The Sih'cr Mine of Texas. Eng, Mining Jdut., Aug. 2, 1902, pp. 150-151. 
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Iron pyrite loses one atom of sulphur at low temperature, which assists in decom- 
posing salt for the chlondization of oxidized ore, as mdicated above The ferrous 
sulphide formed by the loss of this atom of sulphur reacts with salt in the presence 
of air to form ferrous chloride in a manner similar to the other metals This salt is 
probably oxidised to the {erne chloride sn (ransitu to the oxide of iron, but in either 
state it decomposes at low temperature and becomes an active chlondizmg agent for 
the other metals Comparatively little chlonde of iron is ever found m leachmg 
solutions or in fumes from chlondizing roasting The iron oxide thus freshly formed 
undoubtedly becomes an active catalytic agent and assists m the above-mentioned 
chemical reactions 

There are good reasons for behevmg that basic chlorides and double chlorides are 
also formed, these need not be speculated on here, but inll be discussed under the 
Jenness process, page 548 Arsenic and antimony, which are frequently found in 
sill er minerals probably form combinations of this character The method of calcu 
lation stated above has been found to be remarkably dependable in practice, but it 
must be remembered that in roasting there is a dry mixture of ore and salt, both of 
which are crushed to pass on the average, a 0 75-mm acreen It is, therefore impov 
eible to get the intimate contact between the salt and the mmeral particles that is 
obtained from a solution of salt and finer grinding of the ore For this reason and 
on account of volatilization and mechanical losses, it has been found advisable, while 
maintaining the ratio between the salt and sulphur, to increase the proportions of 
both about 25 per cent in relation to the ore also, for the reasons above mentioned it 
IS needless to say that these computations cannot be applied to a stiver ore contaifling 
no chloridizable base metal, because the amount of salt necessary to combine with 
silver alone would bo almost negligible and it would be difficult to brmg about chemical 
reactions 

From £q (1) it w ill be observed that 1 16 parts by weight of salt combine with 32 
parts by weight of sulphur, or, m practice, it may be said that the ratio of salt and 
sulphur u as 4 1 If sulphur occurs m the ore, this ratio will govern the amount of 
salt required for an efficient chlondization The amount of sulphur that will yield 
the best results is that which will combine with cfalonduable metals to form their 
normal sulphides For example, as shown m Eq (3), C5 parts by weight of copper 
combine with 32 parts by weight of sulphur to form normal copper sulphide, or a ratio 
of copper to sulphur as 2 1 Therefore, an ore containing 4 per cent copper would 
require 2 per cent sulphur and 8 per cent salt to yield the most efficient chlondization 
By the same method of computation, a 7 per cent lead ore would require less than 1 per 
cent sulphur and 4 per cent salt for chlondizing roasting 

In the early days of chlondizing roasting there was a tendency to use higher 
percentages of salt than necessary Later practice reduced this amount and it now 
ranges from 5 to 15 per cent of the weight of the ore, depending somewhat on the 
amount of sulphur present Ten per cent is usually the maximum required for all ore 
treated by this process, and for this amount of salt the sulphur should be as near as 
possible to 2 5 or 3 per cent 

In the chlondizing roastmg of silver ores, the roastmg furnace does little more 
than start chemical action For example, the oro-salt mixture remains in a Stetefeldt 
furnace only a few seconds while droppn^ from the top to the bottom — a distance of 
about 40 ft — against an updraft The red hot ore is drawn from the furnace and 
dumped into a ‘soaking pit,” or bedd^ on a cooling floor to a depth of 3 or ^ ft , 
w here it remains several days until cool More than 50 per cent of the chlondization 
13 done on the cooling floor 

The temperature of chlondizing routing should not exceed eWC , w hich is a low 
red heat Above this temperature there is considerable loss of the metalhc chlorides by 
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volatilization. Gangue materials and water vapor, as a rule, have little influence 
on chloridizing roasting at low temperature. Gargeu' states that aluminum silicates 
begin to decompose salt at 550°C. Spring^ states that lead chloride begins to decom- 
pose in the presence of water vapor at 110°C. and even sodium and potassium chlorides 
are partially decomposed at 400°C. Bagdasarian’ found that water vapor, diluted 
with air, decomposes zinc chloride at temperatures as low as 500°C. This phase of 
chloridizing roasting will be discussed under Chloride Volatilization Processes. 

Practically all types of roasting furnaces have been used for chloridizing, viz., 
hand reverberatory, Bruckner, White-Howell, Stetefeldt, McDougall, Edwards- 
Merton, Wedge, Herreshoff, and Holt-Dern. 

The most satisfactory type of furnace j'et developed for ordinary chloridizing 
roasting, and the one most universally used at the present time, is the Wedge or 
“multiple-hearth” furnace, in which the ore and salt mixture is fed at the top and 
raked from one hearth to the next by rabbles or plows attached to radial arms from a 
vertical central shaft. This furnace is usually made with five superimposed hearths 
20 ft. in diameter. It is fired at the bottom heartli wth wood, coal, oil, or gas from an 
attached firebox. The coal required is about 10 per cent of the ore charge, depending 
on the quality of the coal used and the amount of sulphur in the ore. The capacity 
of such a furnace is 80 tons of charge (ore and salt) per day, although with careful 
manipulation it has reached 100 tons per day. 

The Edwards-Merton is less complicated in construction than the Wedge furnace. 
It requires no specially designed firebrick or tile. The mechanical parts are simple in 
construction and easily obtained. These are requisites in isolated districts (see 
Brine Leaching of Silver Ores, page 530). 

The Holt-Dern furnace was applied to chloridizing silver ore at Tintic, Utah. It 
was a low shaft furnace, built of concrete, and provided with a rocking self-dumping 
grate for discharging the roasted ore. The furnace was filled wth a moist mixture of 
pulverized ore, coal, and salt. A low air blast was applied to facilitate combustion. 
New ore mi.xture was charged at the top, while the chloridizcd ore was drawn inter- 
mittently from the bottom. The operation of the furnace will be further described 
under Brine Leaching of Silver Ores. 

The Stetefeldt furnace went out of use ndth the passing of hyposulphite leaching 
in the United States, but in 1924 it was revived in modified form for oxidizing roasting 
of flotation concentrates; it also has merit as a chloridizing furnace, for which it was 
originallj' designed. ‘ It is believed none arc now in use in the United States. 

Where higher temperatures are used, as in volatilization roasting, the modern 
development of the White-Howell furnace is the only type that has been found satis- 
factory. This is the regular cement kiln used for burning clinker. It is a cylinder 
100 to 125 ft. long and lined with firebrick. It is fired directly with oil, producer gas, 
or powdered coal, at the discharge end. 

Dust losses are negligible in chloridizing roasting, because as soon as the tem- 
perature is high enough to start the sulphur burning, which is below a red lieat, chemi- 
cal action begins and the roasting charge has the appearance and physical character 

> GAnoEU, Compt. rend., Vol. 102, p. 1104. 1886; /Inn. cliim. phys., (G), Vol. 10, p. 10.5, 1887; 
B.^odabariAx, a. B., Influence of Certain Solids and Gases on the Chlorization Roast, Eng. Mining 
.lour.-PrMs, June 13, 1025, p. 003. 

* SmiNO, tv., Berichle, Vol. IS, ]). 344-345, 1885; Baod.abahian, 903. 

* BAonASAiUAK, op. cit.. p. 904. 

* Fonodiun Ores. — The United States Vanadium Co. operates a plant at Rifle, Colo., for th» treat' 
meat of siliceous vanadium ores (roscoelitc?) found in the sandstone beds of that vieinity. The ore 
carries about 3.5 per cent vanadium oxide. It is roasted xsith salt at low temperature, and sodium 
vanadate is formed instead of vanadium chloride. The roasted ore is leached with water, and the 
VrOi is precipitated from the solution by the addition of sul|)huric acid. This high-grade precipitaK 
i- filtered ofT, w.ashed, dried, and shipped to the ferroalloy plant.s in c.astern United States. 
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of having been wet with water Losses that may occur are due to the volatilization of 
metallic chlorides as fume at high tempraaturcs, and not to mechanical loss as dust 

Folloivmg chlondizmg roasting there are, necessarily, attendant processes for 
the recovery of the metals These are described chronologically m the following 
paragraphs 

Pan Amalgamation. — ^For a long tune the pan amalgamation process was used 
to recover silver and gold from ore that had been chlondized by roasting The 
process was the same as that used on raw ores, except that the addition of salt and 
copper sulphate to the ore m the pan was unnecessary unless the chloridizing roasting 
was poorly done This process was gradually superseded by leaching processes, for 
reasons already stated 

Bnne Leaching of Silver Ores — Ihe actual leaching of silver ore with brine, after 
chlondizmg roastmg began with the Augustin process m Germany m 1843 and con 
tinued to be used m Hungary for the recovery of silver from matte up to 1893 Owing 
to the prevalent use of pan amalgamation — even for ore which had been chlondized 
by roastmg — and the early mtroduction of hyposulphite leachmg, brme leaching of 
silver ore did not make much progress m the United Slates It was first successfuDy 
applied bj D W Brunton at the Stewart null m Georgetown, Colo , m 1876 Later, 
lie operated this process at the Caribou name m Boulder County, Colo , and up to 
1879, at the Silver Peak mine m Nevada Briickner furnaces were used for chloridiz 
mg roasting No effort was made to recover any base metal except the copper used 
ID precipitating the silver from solution The process was not revived for the com* 
mercial treatment of silver ore untd 1911, when the Holt*Dem process^ as developed 
at Park City, Utah, and reached commercial operation m 1914 In 1915 a plant was 
conalrueted at Silver City, Utah, by the Tmtic Milling Co This plant duiing its 
operation became essentially a pilot miUfor a larger plant constructed by the Standard 
Heduction Co at Harold, Utah, to treat the low grade sQver lead ore from the Tmtie 
Standard mme The larger plant had a capacity of 200 tons per day and began 
operations m January, 1921 

Tlie process* consisted of a chloridizing roast m a Holt-Dern furnace, followed by 
a percolating leach with a nearly saturated solution of common salt acidified with 
sulphuric acid The silver was recovered bj precipitation on cement copper, and the 
copper and lead by precipitation on detuined scrap iron 

The recovery of lead at the start was to be incidental, as it was at the pilot plant, 
but, stimulated by the higher prices for the metal during the early '20 s, effort was 
made to improve the lecoverj — ^which was less than 50 per cent — and to treat ores 
containing a higher percentage of lead 

The average analysis of the ore treated during 1924 was Au, 0 025 oz per ton, 
Ag, IS 26 oz per ton, Cu, 0 3, Pb, 5 0, SiO*, 65 0, Fe, 10 0, CaO, 0 7, S, 3 0 and 
Ab, 0 7 per cent It is essential that the lune content of the ore be low, the eulphur 
not to exceed 4 per cent, and the gold be negligible 

The ore mnxture was made up as follows The ore, with 8 to 10 per cent salt, was 
crushed to pass a 10-mesh screen (about 1 8 mm opening) Fuel was added in the 

» Holt TaEODORr P Chlor dinni LcscIiidx at Part City Tran) A I ME Vol 40 pp 18»-197 
1914 SCBMIM F S Rejuvecatuig the ChlondiBDK Roast if laisy Sci. Pre»» Aug 29 19U PP 324- 
328 SciBiRD Geobse H Park City M Ibng Co Rug Sfiatng Javr Aug 8 1914 p 2»4 DBax 
G H The Mmea Operating Co Park City Utah Eng ilming four Aug 8 1914 p 253 Ktir 
GlesnA Chloodising Blast Roasting and teacluog. Bag ifiRuiV JovT Feb 6 191S pp 265-269 and 

Feb 13 1915 pp 315-322 Holt TheodoVbP Chlonde Roasting and Beaching Tmtio JM ng Co 
Mining Sci Prt)) Apr 24 920 pp 60^-604 

•Allen H P and W C Mapge Cblondiong Mill of the Standard Reduction Co Tram 
AIMS Sept. 1925 i/intng Afel August 1925 p 444 Pabsons A B The Tint c SUndsrd Rfduc 

Won Plant En® ifintnofour Pr««» Aug 22 1925 p 284 OuiTiigBT G B present TienditiTrestreenl 

of Complex Ores iftntnj Mel July 1924 p sae 
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form of coal dust, usually between 1 and 2 per cent, depending on the amount of 
sulphur (as sulphide) in the ore. With 3 per cent sulphur, 1.5 per cent coal was used; 
as the sulphur changed the coal was varied, using the ratio of sulphur: coal = 1:0.65. 
Sulphur was maintained as near 3 per cent as possible; if the sulphur content fell below 

2 per cent, the charge burned unevenly and lost heat rapidly during the recharging 
period; if it exceeded 4 per cent, the charge fused in the furnace, became troublesome 
to handle| and was poorly chloridized. Water was a necessary constituent of the 
charge for the purpose of agglomeration and forming a more porous ore bed. It was 
added in sufficient quantity to make the ore stick together when pressed in the hand. 
With a 10-mesh feed the water required amounted to about 7 per cent; too much 
water made a hard calcine; too little made roasting slow with a tendency to be “spotty.” 
Water was supposed to assist in the chloridization by the formation of hydrochloric 
acid. 

The feature of this process was the unusual type of chloridizing furnace which has 
been described at the beginning of this section. The Holt^Dern roasters consisted of a 
row of reinforced-concrete boxes, 7 X 9 X 5 ft. deep inside, set end to end; on the 
bottom were mechanically operated grates witli hoppers underneath. Leading into 
the hoppers under the grates, was a pipe through which an air blast was supplied at 
S oz. pressure by a direct-connected Sturtevant fan. This arrangement helped to 
cool the roasted ore and heated the air blast. A common flue, through which the 
gases were drawn, ran the full length of the furnaces and connected with the absorption 
chamber for the recovery of acid, and thence to the stack. 

The furnace was started with a layer of coal dust dampened with oil, spread over the 
grate, and ignited. This was followed with a special ore mixture, richer with coal 
than the charge. The air blast was turned on, and when this charge was burning 
properly the regular charge was added. At regular intervals the grate mechanism 
was set in motion and the charge was lowered in the furnace, so as to leave a bed of 
red-hot calcines, about 10 in. deep, on the grate to start the new eharge burning. As 
the roasted ore was drawn from the furnace, new ore mixture was added at the top 
in 4.25-ton charges. The capacity of each furnace was about 25 tons of calcines per 
day. The temperature in the center of the roasting ore was supposed to be between 
700 and 750°C. Tlic furnace was operated with a cold top to prevent, as much as 
possible, loss by volatilization. 

The hot chloridized ore was dropped from the hoppers into a concrete launder 
through which a stream of brine or “weak” mill solution flowed. This flushed the 
calcines into one of six concrete leaching vats. These vats were 28 ft. in diameter by 
1 1 ft. deep inside, and had a filter bottom made up of crushed quartzite. Each vat 
held about 225 tons of calcines when filled within 8 or 10 in. of the top. After leveling 
the charge, leaching was started. The lixivium was draum through 3-in. earthenware 
cocks into two concrete tanks of the s.amc size as the leaching vats. The first, or 
richer part of this lixmum, was designated as “pregnant solution” and carried about 

3 oz. silver and 141b. load per ton; the subsequent lixivium, known as “weak solution,” 
was discharged into the second tank and was used for sluicing calcines into the leaching 
vats. 

The hot lixiviant obtained in the manner above described, containing an excess 
of salt and the soluble base-metal chlorides derived from the chloridizing roast, 
formed a quick solvent for the silver chloride and some of the load salts in the ore. 
It was nccc.ssary to maintain a slight acidity (varying from 2 to 5 lb. of acid to the ton) 
in the leaching solutions at all times. A small part of the supply was derived from the 
gas-scnibbing chamber through which the gases from the roasting fimiaces passed, 
but it w.as necessary to maintain the greater part of this acidity by the direct addition 
of C6°Be. sulphuric acid. The water from the scrubbing chamber probably contained 
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\ muture of sulphuric, sulphurous, and hjdrochloric acids The regular Imvium 
from the leaching vats contained about 22 per cent salt and had an average temper- 
ature of 62°C 

The time cycle for leaching the cUondised ore was as follows filling th“ vats, 
24 hr leachmg with eak solution, 48 hr , with barren solution, 48 hr , with nash 
water, S hr , draining, 2 hr , emptjmg vats 8 hr 

The presence of hme and magnesia was objectionable m an ore bee .use they com- 
bined with he sulphur and prevcaitcd chtoridizatiou in the roasting furnace, they 
consumed acid in the leaching solutions and thej iisd a precipitating action on the 
base-metal chlorides Gold in the ore was only «'ightlj chlo idiz“d, and the recovery 
never exceeded 35 per cent Gold therefore, waa not desired if it occurred in the ore 
in appreciable quantity it was recoxcred from the tailmgs bj another process Chlo- 
rine gas added to the leaching solutions gate a good ex*raci,ion of the gold, but it 
has not been found feasible to uac this m practice The recovery of gold will be 
further discussed under Chloride Volatiluatum Pri.'’eoses and 5Vet Chlonne-gas 
Processes 

A lixiviant saturated with salt was found troublesome handle in coamercid 
practice and it apparently did not have the solvent power for silver chlonde that was 
obtained b> slightly weaker solutions The mill solution, as finally constituted at 
tb“ Standard plant had a ca rving capacity of 25 to 30 oz silver per ton, whrh was 
a concentration not approached m practice Dissolution of the lead, however, wsa 
quite a different problem Lead m the calcines was considered as piesent m the form 
of the sulphate and not os the chloride The quantity of lead salts that brme will 
carry depends on the solution temperature, the chlonne concentration, and tb> sul- 
phate content An equilibrium in thesuipbatc content was soon estabhsheduizmll 
solutions which prevented further dissolution of lead salts If the sulphate content 
(expressed as NajSOO could have been keptbelow 2 per cent m thv mill solutions of the 
Standard plant it would have been pc.Able to recover about 1 25 tons ad -’itional lead 
per day but, as these aol<.tions were returned to the circuit, the sulphate content was 
constantly increased by the addition of acid, and by the sulphates from new -alcmes 
All known methods for removing these sulphates were prohibitive on account of the 
expense Increasing the Icachmg time from 4 days to 9 days raised the recovery of 
the lead from 65 7 per cent to 92 5 per cent, but th.s procedure required greatly 
increased leaching capacity 

The silver was originally recovered from solution by prccipitatmg on copoer plates 
and was melted into bullion 975 fine Later, the silver (and goM) were precipitated by 
cement copper (produced by the process) passed countercurrently to the Imvmin 
through four Pachuca agitators These tanks were made of concrete, and the agita- 
tion was done with compressed air Afte*- a certaut period the copper m the first 
agitator ceased to function, this was sllnbuted to the deposition of metalLe arsenic 
The silver precipitate was th-n withdrawn from the first agitator, and the copper from 
the second agitator was by-passed mto the first The average analysis cf the silver 
precipitate was Ag, 8750 oz per ton (30 per cent), Cu, 15, Pb, 2, As, 25, Sb, 1 5 per 
cent, and the remainder was pnncjp Ily iron, aluinma, and "insoluble " This precip - 
tate was washed and roasted slowly m a umall reverberatory furnace The arsenic 
was volatilized and recovered in bags as AsiOs, the temperature was tren raised to 
oxidize the copper The roasted inatenal was treated with hot dilute sulpnunc aciu 
(25 per cent), which dissolved the copper The residue v as dried and s Id to the 
smeltmg companies The analy sis of the final siIvht product was Ag, 10,0^ to 14,0C0 
oz per ton, Cu, 1 0, As, 0 75, and Fb Igpercent 

The hxvvium leaving the Pedmea a gitators flowed through eight precipitatog 
boxes or laundf^rs for the recoverv of the cooper Hiese boxes were SO ft long, o 
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wide, and increased from 18 in. to 3 ft. in depth; they were made of concrete in the 
wsual form, the bottoms sloping to facilitate sluicing. Ordinary scrap iron was first 
used as a precipitant, but later detinned sheet scrap was used in order to supply 
greater precipitating surface and to produce a higher grade copper precipitate. At 
comparatively low temperatures, the copper was precipitated preferentially from the 
lead. Part of the cement copper thus produced was used to precipitate the silver, and 
the balance was shipped to the smelters; it contained about 100 oz. Ag per ton, 50 per 
cent Cu, and 6 per cent Pb, besides iron and other impurities. 

The lead also was precipitated on detinned scrap sheet iron, but, to get a sufficiently 
rapid action, the temperature of the solution had to be maintained above 75°C. The 
solution leaving the copper precipitating boxes had a temperature of about 45°C; 
this was pumped into a tank fitted with copper coils and was heated with low-pressure 
steam to the required temperature before going to the lead precipitating boxes. There 
were 15 lead precipitating boxes of the same size and form as the copper precipitating 
boxes. The lead precipitate contained 6.5 oz. Ag per ton, 70 per cent Pb, and 5 per 
cent Cu, besides iron, alumina, and other impurities; it was shipped to the smelters 
without drjdng and contained 21 per cent moisture. The iron and the alumina in the 
copper and the lead products were probablj’- in the form of basic salts. 

It was found advantageous to remove the tin from the tin-plate scrap before using 
the iron as a precipitant. This was accompbshed by treating the scrap with a solution 
of caustic soda containing a small amount of litharge.' The litharge was obtained by 
roasting the lead precipitate. The tin was not recovered. 

The average recovery of the metals from the ore in 1925 was gold, none; silver, 
S9.8 per cent; lead, 65.7 per cent; copper, 52.2 per cent. 

The cost of mill treatment per ton of dry crude ore was; operating labor, $1,738; 
operating supplies, SI. 319; repair labor, S0.553; repair supplies, S0.539; power, S0.283; 
total, S4.432. The cost of labor and supplies at the plant was: labor, S5 per 8-hr. day; 
salt, S4; slack coal, S3.05; and tin-plate scrap, 818 per ton. 

The concrete construction used in the leaching vats, precipitating boxes, and 
tanks was important. The aggregate was composed of crushed quartzite and siliceous 
sand containing 96 per cent SiOs. The maximum size of the aggregate was 1.5 in.; 
the proportions used were 65 per cent of the coarse and 35 per cent of the fine. The 
ratio of cement to aggregate varied from 1 ; 3 to 1:4, except in the lead- and copper- 
precipitating boxes where a ratio of 1:5 was used. None of this concrete showed 
any deterioration from the corrosive solutions except the walls of the absorption 
chamber, where the gases from the roasting furnaces were sprayed; these walls were 
attacked by the acids and were then protected by plank, painted with elaterite. 
Cracks occasionallj^ developed in the lead-precipitating boxes owing to the change in 
temperature when washed with cold water; such cracks were chipped out and filled 
with a 1 : 1 cement mortar. 

The mill was placed on a steep hillside, and the solutions were moved by gravity as 
much as possible; where pumping was necessary, wooden air-lift pumps were used for 
the corrosive solutions, and acidproof centrifugal pumps handled the barren solution. 
The launders were made of concrete. 

Considerable space is devoted here to the description of this plant necause it repre- 
sented years of experimentation and the e.xpenditure of a large amount of money in 
an effort to exploit a new principle of ore” roasting on an old metallurgical process; 
brine leaching of silver-lead ore was studied hero also in great detail under the most 
favorable conditions. The results as a whole show that little, if any, pecuniary 
advantage was gained over shipping the ore to the local smelters; tliis fact does not 
reflect adversely on the merit of the brine-leaching process, but clearlj’ illustrates hoTT 

« ScuNABEt, Capi, " Fandbook of MetaUurBy,” Vol. 2, p. 423, New York and London, tSSS, 
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'ocal conditions not onlj should govern the selection of an ore-treatment process, but 
may affect its commcrcnl salue 

The interesting and novel features of the plant w ere the roasting furnaces and the 
use of concrete construction The basis of success m chloridiring roasting and leach 
ing processes is an cfRcient chlondisation consequent!) , the interest m this plant 
centers primarily m the furnaces used for clitoridizing roasting 

^Miatever economies may ha\cbeen obtained m the construction and operation of 
the Holt-Dern furnace, it was fundamentally wrong for chlondizing roasting Highly 
oxidizing conditions are imperali' e for efficient chionclization , these conditions cannot 
be obtained when carbonaceous material is mixed with the ore charge and used as 
fuel The reducing conditions ifi this furnace are amply prosed by the tendency of 
the ore to matte or fuse when the sulphur content cxeceils 4 ptr cent At the low 
temperature maintained, the effective chlonnc can be libirstcd from the salt only hy 
the sulphuric acid radical, the sulphuric acid radical can be formed only by supplimg 
the elemental sulphur with sufficient oxygen Apparently, to obtain these c«sential 
oxidizing conditions, it would be better to use a percentage of sulphur high enough to 
maintain the heat of chemical reaction and use no coal at all It is necessary also, 
m the operation of these furnaces, to use an ore charge too coarse for efficient chlon 
dization, m order to maintain sufficient draft, unless the mineral particles are freed 
from the gangue by the coarse crushing, it is impossible to chlondize a mineral particle 
entirely enveloped by gangue The ore mixture should be crushed to pasa a 2(V- or 
30-mcsh screen for proper chlondizing roasting 

\\atcr cannot pos«ibly have any chemical influence on the chloridization at the 
temperature and under the conditions existing in this furnace, it is completely evapo- 
rated before any decomposition can take place The water probably dLseolved some 
salt and then by brought that salt into more intunatc contact with the mineral 
particles and, m this manner, aided the chemical action Aside from improving the 
physical condition of the ore charge, it could only consume the extra heat units neces- 
sary for ita evaporation 

Tlie chloridization might be unproved if the roasted ore had been allowed to 
remain on a cooling floor for a few days, but this, of course, would lose the heat 
desired for the leaching solutions Probably much of the chloridization is accom- 
plished by the base-metal chlorides formed by the reaction of their sulphates with the 
salt 

Comparing the results obtained at the Standard plant with tho«e obtained by 
hyposulphite leaching on the much more difficult ores from Aspen, Colo (see Hypo- 
sulphite Leaching of Silver Ores), the question arises whether chlondizing roasting 
in a standard furnace and uniler proper conditions, follow ed by hyposulphite l»aehing, 
would not give much better results, such treatment of ore from Creede, Colo , which 
13 similar in character to the Tuitic ore, yielded a recovery of over 90 per cent of the 
silver Lead and copper are recovered also by this process The final products 
obtamed are fully as high grade and are marketed in the same manner as the products 
obtamed at the Standard plant Hyposulphite solutions are noncorro'ive and are 
easily regenerated 

l/>sses by volatilization at low temperature roastmg m a standard chlondizing 
furnace are not prohibitive, and the vrolatUe chlorides are easily recovered 

Pilot plants, mcluding Holt-Dem furnaces to be followed by brine leaching, were 
mstalled at San Vicente, Bolivia, and at Pulacayo, Bolivia, to replace thehyposulpWe 
leachmg that has been m use there for 30 years The success of this process lunged 
on the adaptation of blast-roasting to high sulphur ore An attempt was made ^ 
solve this problem by returning ft portion of the calcme to the charge bm to be mix 
with the crude ore, thereby reducing the sulphide-sulphur content of the furnace 
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charge.! The editor attempted to learn some of the detailed results of these plants, 
but without success. It is interesting to note, however, that there was some talk 
about constructing Holt-Dern plants in Bolivia under Board of Economic Warfare 
auspices as late as 1942-1943. 

Manganese-silver Ores . — Clevenger and Caron* have made an exhaustive study of 
the treatment of manganese-silver ores, which are notoriously refractory. The 
results of this work may be summarized as follows; 

"It appears that in manganese-silver ores of secondary origin, formed at low 
temperature, the refractory silver mineral is mnnganite of silver ; whereas, if the ore 
deposition has taken place at higher temperature, silver silicate may also be present.” 

“Our e.xperience, however, is that, whether or not the manganese present has a 
fixed ratio to the silver, it is necessary to dissolve all of the manganese; or if reduction 
is practiced, all the higher oxides must be reduced to manganous oxide in order to 
obtain the highest recoverj* of silver. This clearly indicates that in certain of these 
ores although the silver has no fixed ratio to the manganese, the manganese is directly 
related to the refractory silver. . . . We have found that the refractory silver in the 
orighial ore is insoluble in all the common solvents for metallic silver and its salts — 
that is, cyanide solutions of all concentrations, dilute and concentrated nitric acid, 
dilute sulphuric acid, salt solution, alkaline thiosulphates, ammonia, mercury, and 
other reagents. This conclusion harmonizes with all previous work on the problem. 

"In the chloridizing roast, as formerly carried out in various types of roasting fur- 
naces, the ore was first given an oxidizing roast, which was followed by the addition 
of the sodium chloride for chloridizing. During the oxidizing roast the MnOj would 
be dissociated with the formation of the lower oxides MnsOj or !Mn304, depending upon 
the temperature and time of heating. Also, during this stage, a large portion of the 
amenable silver compounds in the ore would combine with the Mn and SiOa to form 
additional refractory compounds. It is, therefore, not unusual during an oxidizing 
roast of ores of this class for all of the silver to be converted into refractory compounds 
where originally there had been only 00 to 75 per cent of refractory silver. On the 
addition of sodium chloride to the heated ore in an oxidizing atmosphere a consider- 
able proportion of the silver is converted into silver chloride, but the conversion is 
never complete, as indicated by the subsequent low recovery of silver. It is, there- 
fore, obvious that the conversion would probably be more complete if oxidation could 
be avoided during the earlier stages of roasting. 

“With chloridizing blast roasting, the necessary fuel and salt are mixed directly 
with the ore, and, after ignition, the air is either blown or drawn through the charge. 
Under these conditions, during the heating of the ore an e.xcess of carbon is left which 
to a greater or less e.vtcnt reduces the higher oxides of manganese to the lower oxides, 
even as low as manganous oxide. This condition largely liberates the silver in a 
finely divided metallic condition Avhich is ideal for chloridization. However, during 
this first stage, in which the conditions are reducing, no chloridization of the silver can 
take place at the temperature employed; but later, after the fuel is consumed, the 
mixture of hot ore and sodium chloride comes in contact with the air, at once giving 
conditions favor.able to chloridization.” 

This idea has been developed in the Vermaes process’ in which the finely crushed 
ore is mixed with organic material and sodium chloride. This mixture is heated to a 
temperature of 320 to 330°C., after which the ore is cyanided. The organic matter is 

> Feiuios', RoBEirr D., Btast-Roastina nn Improvement over Old Patera Proces-s in Bolivia, Ena. 
Mining JoMr.~Pre*g, Nov. 20, 1024, p. 851. 

* Ci.E\’iiNOEn, Galej? n., and H. Carok, The Treatment of Mnngancsc-sUver Ores, 

U. S. Bur. Mines Bull. 220, 1025. 

* \ citiiAEs, STEFANtifl JoHANTJEs, TfOatmont of Hefrnctorj' MnnRanesa Ores ContaininR Precious 
Metals or Silver Alone, V. S. patent 1234420, July 24, 1917; Clitv'KNCER and Caron*, op. cth, p. 34. 
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added for tho piirpo’sc of lireaking up Ihe mangmow-sih cr compounds The reduc- 
tion of natural manganese dioxide begins at a temperature of approximatclv 90“C 
in an atmosphere of hydrogen or carlion monoxide In the dry distillation of organic 
material, hjdrogen, carbon monoxide, and hydrocarbons arc rcadiij formed at 
temperatures of 180 to 200°C , and the reducing gases so formed ss ill react with the 
higher oxides of manganese, reducing them to a lower oxide — generally to MnjOi 
According to Vermaes, the silver will then combine with the salt to form sdver chlo 
ride Smee the temperature in this process docs not rise above S30®C , all the charcoal 
resultmg from the distillation of the organic material remains unacted upon and 
finely divided throughout the ore Vermaes claims there is no loss of gold or sihcr 
by volatilization at this low temperature Clevenger and Caron found a small loss 
of gold but no los^ of silver when conducting the chlondizing roast in a reducing 
atmosphere at 300*C they also found that the silver is not alt present as chloride 
a small part being m tho metallic state since decomposition of silver chloride begins 
m a reducing atmosphere at 300®C ” Hie amount of salt used in this process is 1 to 
3 per cent depending on tho proportion of silver present m the ore 

The percentage of silver volatilized' from manganese-silver ores hy the chloride 
volatilization process is far below that whicli would be necessary for successful com 
raercial operations 

Conversion of these refractory manganese-silver rompounds into silver chloride 
by wet methods has been attempted by several investigators, but chiefly by Linton * 
He ground the ore and salt to pass a 100-niesh screen and then agitated the mixture 
for 24 hr m a 5 per cent solution of sulphuric acid The ore pulp was then filtered 
off, washed and cjanided The silver recoveries varied from CO to 94 per cent 
Clevenger and Caron found that the extraction of silver varies ns the mangaiie«e u 
dissolved as sulphate, and in order to obtain o high extraction of «ilver it is necessary 
to disxolvD all the manganese, therefore, the process is omcnabte only to ores low in 
manganese and with a ganguo insoluble m acid The use of hydrochloric acid instead 
of sulplmnc acid has yielded high recoveries of silver when followed by cjanidation, 
free chlorine is evolved when cither acid is used It is difficult, particularly with tho 
higher grades of manganesc-sdver ores to filler and completely wash the ore pulp 
The manganese sulphate romainuig m the residue is an active cyontcide 

Bnne Leaching of Lead Ores * — In 1910 considerable work was done on the 
hydrometallurgy of lead at the Bunker Hill A. Sullivan mme at Kellogg, Idaho 
following an attempt to use the dry chlonnc-gas procc<a It was found that dry 
chlorme gas, acting on lead sulphide, produced lead sulphate and not lead chloride 
The fine galena concentrates were, therefore, roasted to the sulphate of lead b) the 
ordinary method, and the roasted ore was leached with a strong solution of common 
salt This solution was electrolyzed, using shect-uon anodes Pure lead was 
obtained in sponj^v form with the tbenrctical ctroiniiiyition of iron The process 
seemed feasible with reference to cost and recovery , but, w ith a smelting plant already 
in operation and treating all classes of ore, the leaching process was not developed to a 
commercial scale 

Experimentation by U C Tainton, metallurgical engineer for the Bunker HiU 4 
Sullivan Co , was contmued m perfecting the electrolytic cell, and a pilot plant was 
constructed to treat the tailings from the concenlratmg mill The tailmgs contain 

' CLfcvzKoxn and Cabon «p tt. p 3C v i 9 

•Ltnton Robert feiJTar Ore Treatmnit is Mateo Jtvr C*«n Vel Sec e/SmthAJ'<^ 
p 307 March 1909 CrETENOEB and Casom ep ciI p 31 _ n 

iLton D a and O C Ralbtok InnOTations in the ^tetaUuTgy of Lead V S But ** 

157 Leaching Lead from Carbonate Ore* AfCniiis 5n Pruc Mar 1 1919 pp 277 282 RaUTO 
0 C .Salt In Iho Metallurgy of Lead Tran* AJUJ Vol 57, pp 634-656 1917 
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considerable siderite or carbonate of iron. They were given an ordinary o.xidizing 
roast to convert the iron into the insoluble oxide and the galena into the sulphate. 
The calcines were then leached with hot brine containing ferric chloride. The 
lixivium was passed through a diaphragm electrolytic cell equipped with insoluble 
anodes. Load and silver were precipitated on the cathodes, and the ehlorine liberated 
at the anodes was absorbed by the ferrous chloride in solution, regenerating ferric 
chloride for new lixiviant. 

Later development in this pilot plant during 1924-1925 resulted in further changes 
in the process. The ore was roasted at a temperature not exceeding 500°C. in a 
cj lindrical furnace, which was heated electrically by a central core of heat-resisting 
iron pipe; this obtained a highly oxidizing atmosphere without the contamination of 
fuel gases. 

The roasted ore was leached with watc*- to remove the zinc and other soluble sul- 
phates. It was then leached with hot brine from the electrolytic cells, to which some 
bleaching power had been added. The calcium chloride in the bleaching powder 
precipitated the sulphuric acid radical from solution as calcium sulphate and thereby 
obtained an efficient dissolution of the lead. This was followed by a leach with new 
solution. The ore treated contained about 5 per cent lead. The consumption of salt 
was 30 to 50 lb. per ton of ore. 

The lixivium from the leaching vats contained 12 to 15 lb. of lead per ton and was 
sent to the electrolytic cells; these cells were closed for the recovery of the chlorine 
The anodes wore graphite and were separated from the cathodes by diaphragms. The 
liberated chlorine gas was passed over lime to prevent it from becoming obnoxious 
around the plant; this also formed the bleaching powder used in the process. Only 
the calcium chloride — not the calcium hypochlorite — thus produced performs any 
valuable function in the process. The lead was precipitated on a submerged revolving 
cathode (135 r.p.m.) with a current density of 15 amp. per sq. ft. and at a pressure of 
3 to 4 volts. The lead deposited in a spongy condition and was constantly brushed 
off the cathode. It was pumped from the bottom of the cells and sent to a filter to sep- 
arate it from the elcctrolj'te. The lead sponge was melted into bullion, and the elec- 
trolyte, entirely free from lead, returned to the leaching vats. Gold and silver were 
deposited with the lead, but, by using a lower current density, it was possible to pre- 
cipitate them preferentially from the lead in a highly concentrated product. 

The Chemical & Metallurgical Corp. of England likewise developed the Elmore 
process for the extraction of load and silver from lead-zinc concentrates or high-grade 
complex ores. The ore was given a chloridizing roast with a small amount of salt at a 
temperature not axceeding lOO^C., in order to chloridize the silver only. The roasted 
ore was than agitated in a series of rubber-lined cones with a saturated salt solution 
containing 10 per cent sulphuric acid, at a temperature of 100°C. Sulphuretcd hydro- 
gen was given off, and lead sulphate was formed. Sulphur dioxide gas was intro- 
duced into the last cone to prevent the formation of silver srdphidc from the zinc 
sulphide present. Ijcad and silver passed into solution, and the zinc remained as a 
sulphide with the gaugue. The solution was passed over lead plates to precipitate 
the silver and then cooled to precipitate the lead as sulphate and chloride. The 
process was not a commercial success on account of the extreme mechanical difficulty 
in handling the hot corrosive acid solutions on a large scale. 

The Combined Metals Reduction Co.,* an organization financed by the National 
Lead Co., erected a plant at Bauer, Utah, in 1925, to_ treat complex sulphide ores bj’’ 
the Snydcr-Chrislenscn process." The ore treated was very complex middling from 

> Snyder-Chri«tenson Process Works Well nt Bauer, Utah, Eng. Mining Jow.-Prtss July 4, 1925, 
TJo^'s item. 

» U. S, p.atcnt 1,549002, .\hk. 11, 192.5, N". C. CiiristBxsen. 
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the concentrating mill where selective flotation was used on complex ores This 
nuddimg product was treated with hot brme acidified with hydrochloric acid, which 
dissolved the lead and silver sulphides {also oxidized minerals) but did not attack the 
zinc and copper sulphides Hydrogen sulphide was evolved w hich might be used as a 
precipitant for the silver and lead if desired, but was sent out of the stack in the Bauer 
operations It was found more advantageous to separate the lead chloride by cooling 
the lixivium than to recover the lead direct from this solution by means of electrolysis 
or by precipitatmg on iron An allempl was made to fuse the lead chloride thus pro- 
duced and precipitate the lead by the addition of metallic zme, but no market could 
be found for the zme chloride It was later proposed to smelt the lead chloride with 
lime and return the calcium chloride to the circuit 

The hydrochloric acid used for acidifying the bnne was made in a separate plant so 
that the sulphates could he eliminated from the lixiviant and thereby «ecure a high 
extraction of the lead (compare with the Holt-Dem process described under Brine 
Leaching of Silver Ores) The lixiviant was a nearly saturated solution of salt the 
acidity w as varied to satisfy the lead content of the ore treated and w as mamtamed at 
the ratio of 0 51b hydrochloric acid to each 1 Olb of lead m the ore, at the end of the 
leaching operation the lixiviant should contam 0 5 per cent of free hydrochloric acid 
During the leaehmg operations it was necessary to maintain the temperature of the 
lixiviant at 95°C , which was near the boding point Such a solution is very destruc 
tive to any type of leaching vat and to all appbanccs used in the plant the materials 
used in this construction were confined to wood and rubber The lixivium coming 
from the Icachmg vats was said to carrj 4 per cent or 80 lb lead per ton 

The plant was designed for a capacity of 150 to 200 tons of ore per day, but the 
mechanical difficulties in handling the hot corrosive acid brine, m dispo<mg of large 
quantities of hydrogen sulphide gas, and m making a satisfactory recovery of the 
metals were so great that the process did not pass the pilot-plant stage 

An experuneDtal leaching plant, using practically the same process, was estab- 
lished at Keeler, Calif by the Chemical Development & Iteduction Co ^ The 
extraction of silver and copper was about 90 per cent 

Bnne Leaching of Copper Ores — ^Tlie use of chlorine in the metallurgy of copper 
IS now confined to the chloridizmg roasting of cupriferous emder from sulphuric acid 
manufacture The principal source of this material is pjTite from Spam, which is not 
only shipped to the United States but to many pomts m Europe, although other 
sources of pyrite are also used m quantity 

The practice is essentially the same m the United States and Europe, and also m 
Japan The process is more extensively used m Europe and some modifications w ere 
introduced there by Ilamen’ that are known as the RamSnia system The acid 
roasters are operated so as to leave a httic more sulphur than copper m the emder 
The axerage copper content is between 2 5 and 3 per cent, and the sulphur is betiveen 
% viA 4 Tkaa •sVig’rA «x^-es!i di acfqjhar is iesirei get 'if- 

reaction If not already in fine condition, the cinder or calcme from the acid roastmg 
furnaces is pulverized to pass a 10-mesh screen For this grade of emder, 8 to 10 
per cent of salt is added The Scandmaviati plants use principally Nonvegian p)Tite 
emders, and these vary widely in both chemical and physical properties Some of 
them contam 2 to 6 per cent zme The zme sulphide does not oxidize readily, and 
consequently the cinder carries a bi^er percentage of sulphur, which must be com 
pensated with an additional percentage of salt 

* Dawbon C M The Kzperimenlal Plant of the Cbemical Development A Reduction Co 
Mining Jour Preu Sept 5 1925 p 383 

iOsTUAM N, Chlondiiine and Leaching Mpmeticed in Sweden Eng Mming-Zeur Mar 5 1921 
pp 417-422 
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The furnaces used are the Wedge type in the United States and the Ramen-Beskow 
typo in Europe. Both types arc multiple-hearth furnaces and are usually direct- 
fired on the lower hearth by producer gas or by coal from a firebox. 

The Wedge furnace is 20 ft. in diameter and has five hearths. The Ramfin- 
Beskow furnace Ls essentially of the same construction as the Wedge, but the first and 
second hearths are separated, making two compartments of the furnace. The 
combustion gases thus are kept separate from the acid gases from the chloridizing 
roast. The draft is regulated by fans. The ore mixture on the first hearth is brought 
to a temperature of about 300°C. by the use of fuel; this is sufficient to start the 
chloridizing action. From this point the ore passes to the lower hearths successively, 
and, with the chemical action started, enough heat is generated cxothermicall 5 " to 
complete the chloridization without extraneous fuel, and there is no danger from 
overheating or from loss by volatilization. 

The coal required in American practice varies from 8 to 12 per cent of the weight 
of the cinder, depending on the character of the cinder treated, the furnace con- 
ditions, and the quality of coal used. At the Oscarshamn Copper Works, Oscars- 
hamn, Sweden, where the latest improvements of the Ram&iia system have been 
in operation over twenty j^ears, the Ramen-Beskow furnaces are fired with producer 
gas made from tarry wood. The Avood consumed corresponds to about 2 per cent of 
coal, based on the weight of the cinder. In order to maintain the heat of reaction, 
they mix a certain amount of green pyrite with the cinder during chloridizing roasting. 
Since they pay for the sulphur and copper, and sometimes for the iron in cupriferous 
pyrite, the amount paid for the sulphur thus consumed as fuel makes their actual fuel 
cost equivalent to American practice, although it is not so published.' The temper- 
ature is never allowed to exceed 1100°F., or 600®C. Below this temperature there is 
no loss of copper by volatilization. 

The leaching vats arc made of wood. Concrete, glazed tile, and acidproof brick 
have been used for lining vats in the United States, but operation over a period of 
years has proved that wood is as satisfactorj' material as anj’' other. In Europe, 
reinforced concrete is used. Connecting pipes or launders are made of wood, and 
solutions arc usually lifted by air-lift pumps, although in Europe Avooden centrifugal 
pumps have proved satisfactory after long service. The filters arc built of strips of 
Avood in the form of lattice Avork. These are covered with prairie grass or similar 
material, and on top of this is placed several inches of Avet leached cinder. 

In American practice, the hot ore from the roasting furnaces is dumped directly 
into the Amts. Some plants in ScandinaAun experienced considerable trouble with 
hard lumps forming in the chloridizcd ore, due to the formation of anhydrous sodium 
sulphate. RamGn OAmreame this difficulty by designing a “preleaching machine,” 
in Avhich a thin layer of the hot chloridizcd ore from the roasting furnaces is eAmnly 
sprayed Avith sufficient Avater to permit the crystallization of the sodium sulphate, and 
the moistened ore then remains in a pulverulent condition. This machine runs con- 
tinuously, and the prcleachcd ore is conveyed to storage bins, AA'hcre it is picked up by a 
grab bucket and placed in the leaching A-ats. Considerable steam is generated by this 
operation, Avhich is condensed and furnishes hot Avater for leaching. 

The gases from the chloridizing roasting furnaces pass through scrubbing towers. 
These are built of wood on a brick or concrete base. They are loosely filled Avith any 
inert material and sprayed Avith water at the top. They prevent the noxious gases 

> Coinciilent witli this development may be mentioned a modified con.-itruction of the AVedse furnnee 
tor autOECnous blende roa-stinK. It is 25 ft. in di-nmeter nnd has eight hearths. The essential feature of 
the furnace is tlie arrangement for by-passing the roasted ore between the several hearths in order to 
obtain a desired distribution of the ore, preheated in the upper part of the furnaee, among the lower 
reaction chambers. IsoAi.i.8, VT. R., jAffning Met., December. 1922. 
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from escaping into the atmosphere and becoming a nuisance, they also condeasc and 
recover the acid fumes The hot acid water from these towers ls Used for lesching 
purposes In the Ilam6nia process the aadity of this water is kept at 15 to 24 g 
of HCl per liter which ensures the extraction of all soluble copper 

The leachmg vats can be made any aise, but usually hold about 100 tons The 
ore bed is 3 to 4 ft deep By utilizing the hot ore, hot acid water from the scrubbing 
towers, and hot water from other sources mentioned, all leaching ls done with hot 
solutions which erage between 30 and 40*C on leaving the vats and contain about 
25 g of copper per liter 

In Europe, the time of leaching ranges from 35 to 45 hr under the ordinary sj-' 
tem, but b} using a preleaching” machine this is reduced to about 24 hr In 
America where the copper extracfion is usuall} made by the acid makers, the acid 
roastmg furnaces are better controlled and the cinder is in better phjsical condition 
for chlondizing roasting Under these favorable conditions leachmg can be com 
pleted in less than 10 hr in the ordinary manner, and even with unfavorable condi- 
tions the time seldom exceeds 24 to 36 hr After washmg thccmderis removed from 
the vats by grab buckets or by other means, dependmg on local conditions The 
copper remaming m the leached cinder is not over 0 1 per cent and is usually less 
than that This gives an average extraction of about 97 per cent 

The copper is recovered from solution by precipitation on scrap iron This is 
done m the usual ' boxes’* or launders which yield a precipitate containing about 
70 per cent copper, or m ‘tumbling barrels” or drums which yield a precipitate con- 
taming 85 to 90 per cent copper The advantage of the revolving drum is that the 
precipitation is done quickly by agitation, and the iron is kept clean, so there are no 
basic iron salts formed to contaminate the copper precipitate 

The leached cinder is known as purple ore, or "blue billj ” If the original pyiitc 
was commercially pure, the purple ore contains 55 to 08 per cent Pc, and not over 
0 01 per cent P 0 2 per cent S, and 0 1 per cent C« In 1891, Bird of England die- 
eovered that this material could be pressed and burnt into strong briquettes without 
any binder This idea was developed commercially for fine iron ores first by Andet 
son in America in 1888, and later by GrOndal in Sweden in 1896 The purple ore u 
pressed by slow compression into briquettes and heated in tunnel furnaces to a tem 
perature of 1450®C At this temperature practically all the sulphur is removed and 
the briquette is smtered In this condition it makes a desirable iron ore, which 
assures a saving of 8 per cent coke m the blast furnace and frequently mcreases the 
capacity 30 per cent compared with ordinary iron ore It is extensively used m 
Europe and Japan 

Under the circumstances it is difficult to arrive at the actual average cost of 
producing copper by this process, smee the recovery of copper is onlv one of three 
phases in the treatment of the onguial pyrite In America, the copper reco^ ery plant 
13 an adjunct to the acid plant TTie purple ore is nodulized and sold to the woo 
smelters The profits derived from the copper and iron maj be deducted from the 

cost of acid making In Europe, thecupnferouscinder is bought from the acid maker, 

and the recovery of the copper is expected to paj all the expenses of producing a 
desirable iron ore briquette which is sold to the iron smelter A disadvantage of 
copper recovery by leachmg ores that have been given a chlondizmg roast is that the 
spent solutions are highly corrosive and arc destructive to fish A technicallj sue 
cessful plant at Garwood, N J , operatmg on pyrite cinder, had to shut down because 
of contamination of the stream into which its solutions flowed 

Bnne Leaching of Zinc Ore — Chlondizing roasting and water or brine leach 
mg as described for copper ore, have been successfully applied to zinciferous 
cinder within the last few years for the purpose of extracting zme m solution for 
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the manufacture of lithopone.’ The treatment of zinc ores will be further dis' 
cussed under dry chlorinc-gas processes. 

Hyposulphite Leaching of Silver Ores. — Hyposulphite (sodium thiosulphate) 
leaching came rapidly into favor in the United States after 1885; it was already 
well established in Mexico. It reached the zenith of its popularity between 1886 
and 1893 and was practically abandoned as a metallurgical procss at the end of 
that period, owing to the demonetization of silver in the United States and tluJ 
general closing down of silver mines. The process is still used to a lunited extent 
in South America and Mexico. 

Chloridizing roasting necessarDy precedes the leaching, and the chloridized ore is 
washed with water to remove the base-metal chlorides before applying the hyposul- 
phite solution. This process is, therefore, closely related to brine leaching. It is 
essentially a process for silver ores, and the base metals are considered a nuisance. 
Silver is recovered as a sulphide from the hyposulphite solution by precipitating with 
sodium sulphide and the hj-posulphite is thereby regenerated. 

When the chloridization of the silver is low, because of inefficient roasting, the 
extraction is low. Zinc sulphide acts in an unexpected manner. At the Holden 
Lixiviation Works in Aspen, Colo., the ores carried about 2 per cent zinc, and a zinci- 
ferous pyrite was used as a source of sulphur. The short period of roasting in the 
Stctofoldt furnace and 4 daj’s of heap roasting on the cooling floor did not oxidize 
the zinc sulphide, although the chloridization of silver was satisfactory. As soon 
ns the chloridized ore was placed in the vats and leached with water, 20 to 40 per cent 
of the silver reverted to the sulphide, owing to precipitation by the unoxidized zinc 
sulphide in the ore.’ By roasting with a clean pyrite, this difficult}' was largely 
removed. 

These defects in hyposulphite leaching were overcome to some extent by E. H. 
Russell,’ who discovered that a little copper sulphate added to the hyposulphite solu- 
tion formed a double salt of sodium cuprous thiosulphate, having the formula 

dNasSjOj.SCu-SjOj -t- xHtO 

This salt has the power of dissolving sulphide of silver by forming sodium silver 
thiosulphate and cuprous sulphide. 

The solution thus formed is known in the Russell process as "extra” solution and 
follows the "regular” or "ordinary” hyposulphite solution in the leaching operations. 
By the use of this solution the extraction is restored to the extent of the original 
chloridization of the silver and even beyond that point. 

The three ILxiviants used in the Russell process are, therefore, (1) wash water 
(brine), to remove the soluble salts; (2) “regular’ ’solution of sodium thiosulphate,' 
(3) “extra” solution of sodium cuprous thiosulphate. 

The ore treated by the Russell process at Aspen, Colo.,< in 1891-1893, affords a 
good example of a troublesome ore to treat by hyposulphite leaching. It had the 
following composition: 

Ag, 27.92 oz. per ton; Pb, 2.28; SiO,, 21.66; BaSO<, 20.92; CaO, 11.00; MgO, 4.24; 
Fe, 10.02; Zn, 2.85; Cu, 0.16; S, 8.10 per cent. 

’ OsTM.^N, op. cit„ J). .121. 

’ Morse, \V. S., The Effect of Woshins wlh Water upon the Silver Chloride in Roasted Ore, Trans- 
A.T.M.E., Vol. 25. pp. 587-594, 1S95. 

• Stetefeldt, C. -•V., Working of Silver Ores by the Leaching Process, Trans. A.I.M.E., Vol. 12, 
pp. 201-295, 18S4; "The Lixi^ation of Silver Ores with Hyposulphite Solutions, with Special Reference 
to the Russell Process," New York, 1888: 2d ed.. 1803. Dagoert, EnuswoRTn, Th- Russell Proces.s 
in Its Practical Application and Economic Results, Trans. A.I.M.E., Vol. 10, pp. 362-195. 1888. 

* Morse, W. S., The Lixiviation of Silver Ores by the Russell Process at Aspen, Colo , Trans 
A.I.M.E., Vol. 25. pp. 137-140, 993-997, 1895. 
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The ore feed to the roasting furnace was crushed to pass a 30-inesh screen, this 
13 common practice for h} posulphite leaching 

The chlonduation of the silver m the Steteteldt furnace was 43 5 per cent, it 
was a little higher m the fines and dust chambers, making the average chlondiza 
tion 52 5 per cent by the direct roasting operation The roasted ore was piled on 
a cooling floor and allowed to remain an average of 102 hr , during which time the 
chloridization of the silver increased to 79 0 per cent 

The respective Inxmants mentioned above extracted the percentages of silver 
giv en below, as calculated from the average daily assays 

Per Cent 


ash water (brine) 14 56 

"Regular’ solution 44 21 

‘ hxtra' solution 27 98 

Total extraction 86 75 


rhe actual extraction during the entire period of operation, based on the silver 
recovered and paid for was 94 21 per cent of the ailver in the roasted ore and 8o 58 
per cent of the silver in the raw ore The volatilization and dust losses were 9 16 
per cent of the silver, which would be fully recovered in present-day practice 

Considerable lead was dissolved by the wash water, which was precipitated w itli 
the sil; er as a sulphide b} means of sodium sulphide This gave a low grade product 
that was expensive to refine It was found bj W S Morse, manager of the Aspen 
plant, that this precipitate, containing lead sulphide, could be utilized as a precipitant 
for the silver m subsequent wash waters, according to the following reaction 
2AgCl -h PbS - Ag»S + Pba, 

lliir raised the grade of the final product and reduced the refining cost 
Subsequently, lead was removed from the wash water and the "regular" solution 
by precipitating w'lth sodium carbonate Lead is preferentially precipitated in this 
manner before the lune and magnesia 

The silver sulphide precipitate from the hyposulphite solutions was eventually 
refined at the plant bj dissolving m hot coneentraled sulphuric acid and precipitating 
the silver in metallic condition on copper 

Local conditions sometimes demand a variation from standard methods In 
Bolivia, ‘ where the metallurgical problem involves the treatment of silver bearing 
tin ores, certam modifications in cbloridizing roasting have been found necessary 
The chief gangue minerals of the ore are pj^nte and quartz The silver occurs in 
tctrahedrite, jamcsonite, stibnite, cylindrite, and other complex sulphantimonial 
minerals, which are notoriously difficult to treat by any process other than smelting 
Most of the tin 13 present ra the form of impure cassitente, although it is sometimes 
present as stannite associated with the above-named minerals 

At the present tunc the ore is crushed dry, given a chloridizing roast, and leached 
with water and hj posulphite solution or with brine to extract the gold, silver, and 
copper Tlie tailings are concentrated for tin, with or without regrindmg 

The percentage of silver that can be chlondized is not directly proportional to tl e 
silver content of the ore Tailings frmn any grade of ore will contain 5 to 9 oz, 
which cannot be extracted by any known commercial solvent, even though onl} a 
small proportion of this silver is m the form of sulphide 

The average grade of ore treated assajs about 35 oz silver per ton The ores 
contaui 25 to 35 per cent sulphur, most of which must be removed by preluninarj 
I SoawLZTH M G F Uoastuig &iid Chlondu of Bofixiaa EUvtc lin Ot«t Tf4M A I M B to' 

4 pp 670-098 1920 
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roasting before adding salt for cliloridizing. Fuel is expensive in Bolivia, so it is 
necessary to utilize as much as possible the heat developed by the desulphurizing roast. 

A peculiarity of this ore is the loss of over 30 per cent of the silver by volatilization 
and in flue dust during desulphurizing roasting in a McDougall furnace, which, added 
to the loss from insoluble silver, mates the loss over 40 per cent. Similar but lower 
losses occur in hand-rabbled reverberatory furnaces. These losses can be fully recov- 
ered by means of a Cottrell precipitator, but an analysis of this product indicates that 
the losses are due largely to antimonj^ and no satisfactorj' process has been developed 
for treating it to recover the silver. 

A satisfactory furnace has been finallj’- developed in a modified form of the Edwards- 
Merton straight-line furnace, which has five hearths and is divided into three compart- 
ments by means of doors or dampers to control the draft. By the time the ore reaches 
the fifth or last hearth, it is ready for chloridization and the damper is closed, cutting 
off that hearth from the rest of the furnace. The necessary amoimt of salt is added, 
and the charge is chloridized in about 15 min. The chloridized ore is discharged 
in another 15 min. and the process repeated. This makes the operation of the furnace 
intermittent to some extent, but the volatilization and dust losses are greatly reduced. 

Only 3.3 per cent of salt is used for chloridizing, and no extraneous fuel is required. 

The chloridization of the ore is simple and quick if salt is added at the correct 
stage of the roast. 

Samples taken evorj' 10 min. from the chloridizing hearth for an hour after the first 
15 min. show no improvement in the chloridizing by prolonging the process. 

The loss of silver during roasting is 1.5 per cent. The loss as insoluble silver is 
12.2 per cent, making a total recovery of 86.3 per cent. The cost of roasting only is 
about SI. 12 per ton. 

Some mining companies in Bolivia have continued to use the Patera, or hyposul- 
phite leaching process, as the most economical for the treatment of their ores.* "The 
lack of local lead or copper smelters, and the high freight charges to the outside, pro- 
hibit the shipment of any but high-grade ores or products. Cheap salt, in unlimited 
amount, is available from the various closed basins of western Bolma. Numerous 
scmiactive volcanoes sxipply sulphur. Lime is also locally obtainable. Hence the 
Patera process, producing high-grade silver sulphides, has continued to prove an 
economical treatment for many high-sulphur ores that require little fuel to roast.” 

Segregation Process. — A process that does not seem to have attracted the notice 
that it should is the segregation process for the treatment of lean oxidized copper ores 
or of mixed oxides or sulphides. It was described by Maurice Rey.= It reduces the 
ore with carbon in the presence of a small amount of chlorine, j.c., about 10 per cent 
of the amount of chlorine that would be required for a complete chloridization of the 
ore. "When subjected to this combined action of chlorine and carbon, the copper is 
reduced on the carbon particles and tends to collect in small shot, owing to the fact 
that the speed of the chloridization reaction is greater than the speed of the carbon 
reduction. The process is particularly adaptable to highly siliceous ores. A basic 
ganguc reduces the efficiency of the process. Sodium chloride can be replaced by 
magnesium chloride, cuprous chloride, cupric chloride, and calcium chloride. Potas- 
sium chloride and barium chloride are said to produce inferior results. At the Alaska 
mine in Southern Rhodesia a sulphide was treated which required roasting, using 

per cent of sodium chloride and 1 Jf per cent of finely ground coal. These reagents 
were added on the sL\th hearth of the roaster, segregation occurring on the sLxth and 
seventh hearths. The ore is protected from air during cooling. It is then crushed, 

> rrimoK, RoDiatT D., Blnst RonstinK an Improvement Over Old Patera Process in Bolivia, Eng. 
Minxno Jour.^Pms, Nov. 29, 1924, p. 853. 

* fler. tnO,, Vol. 33. pp. 293-302, 193G. 
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and thp copper «Bot or globules are recovered by crushing and concentrflt.on A 
month’s run on this process Ba\e a recoterj of 86 91 percent of the contained copper 

Miscellaneous Chlondiziag Roasting Processes. — Ralph \\ L Macit or patented 
the use of solutions of magnesium chlonde under pressure to leach roasted nickehferous 
mattes carh m the centurj , and Adolphe Seigle extended the idea to the use of cal- 
cium sodium, magnesium, banum, strontium, or iron chloride<», specifying that the 
pressure must be at least 3 kg persq cm in the autoclave (1908) C A Brackelsbcrg 
agglomerated complex ores by mixing with magnesium or calcium chloride, magnesium 
wilpliate or the like, heated them to redness either m air or steam, and then treated 
them nith hidroehlorie acid and steam at 1100 to 2200®F Under these conditions 
he hoped to distill nickel or cobalt chlorides out of the mass, leaving copper and iron 
behind (1913) 

While Ralph I Majer took out man> patents for the u«e of chlorine, movt of 
them inioheil theiL'C of such quantities of sulphur or of sulphur oxides that one fceli 
ns though proccfwes wore more sulphatizing operations than chlondizing Iloneicr 
1870Sf3of 1032 and 1937661 were exceptions In the first the ore was moistened end 
inixcil with feme chloride and heated to 250* to SM'C , while air was being introduced 
up to 70 per cent of the amount neeessarj to convert the nickel and cobalt to soluble 
chlorides In the second, which is intended particularl> to treat Chiban latentes, the 
ore IS reduced at 400 to 700*C , treated with chlorine gas at 150 to S0O“C , and then 
with oxjgon to convert the FeQi to FcjOi bickel, cobalt, and copper are supposed 
to remain soluble 

h II Brown and S J Brodenck reduced Cuban ore with h>drogeii at COO to 
700*C , then admitted chlorine at 200* or less, which is supposed to chlondize the 
nickel and eol alt but not the iron If the temperature is raised to 300*C while the 
chlorine is being admitted ferrous chloride is supposed to distill off, leaving nickel 
cobalt, chromium, etc (UJS patent 2067874) (Sec also p 547) 

CHLORIDE VOLAmiZATION PROCESSES 

Pohlc-Croasdale VoIatiUzaboa Process ^PohI5 and Croasdale discovered )>} 
raising the temperature of chlondizing roasting to 1050*C that gold, silver copper 
and lead esn be commercially volatilized as chlorides from their ores and the metals 
recovered from the fumes Bj charging the ore salt and sulphur mixture as qmckh 
as possible into the hot zone of the furnace, volatilization begins at about 7o0*C and 
IS completed withm 30 to CO mm TTie roasting alroospherc must be kept higlilj 
oxidizing Tlie process is continuous and the ore is eommerciall} devoid of value 
as It discharges from the furnace 

Tlie furnace u*od for this process was a regular cement kiln, 100 to l2oft m length 
find in the ii«ual manner 

nu ch< mical resctions imolv cd arc the same as those giv en for chlondizing rovt 
mg in the precwiing section There should be a strict adherence to the pniporlions 
then stated The ore and ssll arc crushed to pass a 20-me9h or 0 75-irm screen 

Tlie protess is thcorctieallj applicable to all ores m which the metals do not ocnii 
in native or metallic conditio- regardless of the ganguc constituents Basic ore* 
arc preferable because the) do not fuse or sinter at the temperature of the roast 
Pihcrous ores work almost as well Neutral orea are lea»‘ desirable when the acid 
and base gangue constituents are in such proportions as to form a fusib'e combination 
with the salt at the furnace temperature In nich en'-es lalciiim chloride niav lx* used 
la place of cvimmoo salt, or bme inav W added to the tbnrge in FufTwient quantitj 
to raise the fusion point 

iCao*iD*t.K.8TC*>T VoUtilifsl onofMeuUuCUotidn Eng Vitungjnr Ao* 2” f" 

312 3H V R pileni Tri?!-* Ot 20 1003 
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Common salt is the usual source of chlorine on account of its cheapness, but in 
some instances it has been found desirable to use calcium chloride wholb’' or in com- 
bination with the salt. Sulphur is usually a necessary constituent of the charge, 
although with some ores the silica or carbonic acid seems to take its place in the 
chemical reactions. 

Gold is easily volatilized, but in what form was never definitely determined. 
It was generally supposed that gold trichloride was formed at low temperatures, and 
this was decomposed into metallic gold and chlorine at temperatures below 300°C. 
If this is true, the metallic gold formed from the vapors is probably colloidal and is 
carried out of the furnace in that form with the gases. Rose' states that when gold 
is heated in chlorine at atmospheric pressure trichloride of gold is formed, which 
volatilizes at all temperatures above ISO^C. up to and beyond 1100°C. Other metal- 
lurgists' thought that gold forms a double chloride with salt, or other metallic chlo- 
rides, and volatilizes in that form. The theorj' of a double chloride seems more 
probable. 

Silver is less easilj' chloridized and volatilized than any of the common metals. It 
seems to be extremely sensitive to atmospheric conditions in the furnace and may be 
affected by the gangue constituents in the ore.' Silver chloride melts to a thin liquid 
at about 451°C.' before it volatilizes, which probably accounts for its sluggish volatili- 
zation. It is much more easily volatilized in the presence of other metallic chlorides, 
which would indicate that it volatilizes as a double chloride. 

Lead is the most easily volatilized of all the metals as a chloride, and the chloride 
is easily formed by chloridizing roasting. With some ores, sulphur is not necessary 
in the chloridizing of lead minerals, and some experiments' have shown that volatil- 
ization can be accomplished more successfully without it. 

Copper is readily volatilized as cupric chloride and as cuprous chloride. Cuprous 
chloride is the more stable at high temperatures. ' Some oxychlorides may be formed, 
but not to any large extent. 

Zinc is volatilized according to the sulphur content of the ore. In oxidized ores, 
lead, silver, copper, and gold can be volatilized preferentially, leaving the zinc in the 
gangue for subsequent treatment. If complex sulphide ores are roasted so that the 
sulphur content is only sufficient to combine with the other base metals, these metals 
can, in a similar manner, be preferentially separated from the zinc by the volatiliza- 
tion roast, but if any excess of sulphur over the amount specified is left in the ore 
after the preliminary roast, zinc will volatilize with the other metals in proportion to 
the excess of sulphur present in the charge. 

Little information is available concerning the chloridizing action on the gangue 
materials. Silica acts ns an acid and decomposes salt, with the liberation of chlorine 
at high temperatures. Iron chlorides arc formed from the sulphides, but they 
quickly decompose to the oxide, and very little of the iron is volatilized.' Aluminum 
is not volatilized as a chloride from its oxide in an oxidizing atmosphere (see page 555). 
Calcium and magnesium may be volatilized to some extent as chlorides,' but they ir. 
no way interfere with the volatilization and recovery of the other metals. 

* Koai:, Sin T. K., "MctnlliirRy of Gold," jip. 01-63, London, 1915 

- STBTKrr.LBT, op. Cit.. I). 310. 

' 0*. S. Bur. .Iftnfjt BuU. 211, p, 45, 

‘ VAiinET, Thomas, Snperintondent, Ut.nli Station, U. S. Bureau of Mines, Salt Lake City, 

» Ramtos, 0. C., Salt in the MetnllurRy of Lead, Trane. A.l.M.E., Vol, 57, pp. D39-041, 1917; 
Vaiilet, Thomas, U. S. Bur. Mines BuU. 211, footnote p, 19. 

• Kickel volatilizes lus a chloride to a greater extent than iron, and it might be possible to recover 
nickel in this manner. If oxidized by a preliminary roast, nickel will remain in the gangue and it Is 
possible preferentially to volatilize copper from nickel by the chloridizing roast. 

■ Mouse, \V. S., Liiiviation of Silver Ores by the Rus.sell Process at .Ispen, Colo., Trans. A I.M E 
Vol. 25. p. 097, 1895. ' " 
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The metallic chlondea are driven from the ore m the form of vapor, and they con 
dense as colloidal particles of fume Each particle is surrounded with an adsorbed 
film of air or furnace gas, which prevents coagulation and collection by any other 
means than electrical precipitation^ The fume particles thus enveloped will pass 
untouched through water or any form of scrubbing device The electrical stresses 
set up m the Cottrell precipitator break up these gas envelopes and permit the eoagu 
lation and recovery of the fumes Bag filters of textile material will make a high 
recovery, but are difficult and expensive to operate, owing to the corrosive nature of 
the fumes and gases 

The metals are recovered from the precipitated fume by the substitution of one 
metal for another m an aqueous solution or by the electrolysis of the fused chlorides 
Where the metals m the fume consist only of copper, silver and gold or lead, silver, 
and gold the fumes are reduced to a bullion by heating with lime and carbon The 
calcmm-chloride slag can be utilized in place of salt to chloridize new ore 

Several small plants have been operated m the United States but they were 
equipped wnth furnaces rangmg Irom 25 to 60 ft in length These furnaces were too 
short to complete the volatilization when operatmg at commercial capacity A full 
sized plant was operated by the Blaisdell Coscotitlan Syndicate,* Pachuca Hidalgo, 
Mexico, on patio tailings Their furnace was a kiln 125 ft long and 8 ft m diameter, 
lined with ^in concrete clinker brick ITie fuel consumption was 12 gal of 18,600 
B t u oil per dry metric ton and this without preheating the air or ore or using any 
insulation Tho recoveries were well over SO per cent on the gold, copper, and mer- 
cury, 100 per cent on the small amount of lead, and 75 per cent on the silver, which 
was considered good on this class of material No advantage was found by using 
calcium chloride, but 5 per cent of lime was necessary to reach the proper finishing 
temperature The property was forced to cease operations on account of the low 
price of silver 

A commercial plant was put into operation on the same line by the Western 
Metallurgical Co of Los Angeles in 1927 It was found advantageous to add the salt 
at successive intervals during the roast rather than all at once with the ore By doing 
BO the fusing temperature of the charge was mamtained at a higher point, and the 
chloridization, consequently the volatilization of the metals, considerably increased 
The ore was preheated to the volatilization temperature in a separate furnace before 
adding the salt The salt and the hot ore were then fed into another furnace, mam 
tamed at the volatilization temperature with a comparatively small amount of fuel, 
and the chloride fumes sent to the Cottrell treaters less contammated with combustion 
gases and other mert material Certam advantages were also found in passing the 
ore charge through the furnace concurrently with, the combustion gases mstead of 
countercurrently as onginally practiced but this system was not developed com 
mercially The plant fell a victim to the Great Depression 

Maier* has discovered that lead and zme are readily and almost conipl“tely 
volatilized as chlorides when their oxides (m ores) are heated, without reducing 
agents, m a current of chlorme gas at temperatures ranging from 500 to 750'’C The 
chlorides of both metals are volatilized and easily condensed m a relatively pure 
condition, the principal impurity is calcium chloride — and magnesium chlonde would 
probably volatilize also if present in the ore Iron and alummum chlorides are 
decomposed at low temperatures and do not volatilize to any appreciable extent 

1 Bakcboit W D Applied CoUo da! Chemiatrv pp 21-22 291-300 New York and landon 
1921 

»y S Bur ifmeiBun 211 pp 83-84 

■ VfAren CHABPza G Poaaibilitiea of Dry Ctilomiatioa of Oxidised Zinc 'MsteriaU EnO 
Jour Pree* (January 13 1923) p 51 
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This research work has been carefully done and is suggestive of further application 
of the process. 

Chlorine volatilization processes have been patented by Wescott (U.S. patents 
1552786, 1898702, and 1916853) and by Hart [1826932 (reissue 18609), 2030867, and 
2030868] for the beneficiation of iron ores containing such metals as nickel, chromium, 
cobalt, and copper. The iron was to be volatilized as FeCls, which was burned to 
pure FcjOs and Cl (the former being used as an iron ore, the latter used again in the 
process), leaving a residue behind containing the more valuable metals as chlorides, 
mbced with the gangue. Hart also contemplated treating such ores as the Cuban 
North Coast ores, volatilizing only a part of the iron, leaving a residue to be smelted 
to 18 and 8 stainless steel. It is believed by the editor that he did not realize how 
much chlorine remains as basic chlorides or nickel chloride under a partial volatiliza- 
tion program. The Wescott process for selective chloridization of nickel is described 
in the chapter on nickel. 

Alexander L. D. Adrian, along somewhat the same lines as Wescott and Hart, had 
previously patented a process that involved briquetting finely ground complex ores 
with sawdust and molasses, or starch and water, carbonizing in a mufHle, and then 
introducing chlorine gas at a temperature above 450°C. Iron was supposed to distill 
off as ferric chloride, leaving behind such metals ns chromium, zirconium, vanadium, 
uranium, cobalt, and nickel (U.S. patent 1434485 of 1922). 

Caveat Process of Tin Recovery. — This process was worked out for the treatment 
of the ores of Pinyok, Thailand. These ores contain tin as cassiterite in a gangue con- 
taining considerable magnetite and iron-lime garnet. The grain size of the cassiterite 
was so small and the interfering minerals of such magnitude that both gravity con- 
centration and flotation gave indifferent results for the recovery of tin. A large 
number of chemical processes were e.xperimentod with and the so-called Caveat 
process was eventually decided upon as oftering the best chance of working these ores 
profitably. 

Essentially the process was the treatment of a mbeturo of the ore and ferrous or 
calcium chloride under reducing conditions such that none of the iron was left as 
Fe-Oj and a large part of it was reduced to FeO or Fe. Under these conditions the 
stannic oxide was reduced to stannous oxide, and in this form it reacted with the 
chlorine present to give stannous chloride and ferrous oxide or calcium oxide, depend- 
ing on which chloride was used. As a matter of scientific interest it may be noted 
that the reaction was satisfactory with barium or strontium chloride, but these were 
of course out of the question because of price. Sodium and potassium chlorides gave 
poor results. 

The optimum working temperature lay between 725 and 750°C. At too low a 
temperature, the retorts were corroded and the reaction was of course slow; at too 
high a temperature, the reaction again became slow and there was grave risk of burn- 
ing out the retorts. A most ingenious furnace for continuous retorting was invented 
by A. G. MacGregor of London. 

The volatilized stannous cliloride was condensed in water, this problem being 
comparatively easy as the products of combustion of the fuel used in heating the 
furnace were kept separate from the volatilized chloride, which was mixed only with 
carbon monoxide or carbon dioxide from the reduction and a negligible amount of air 
trapped by the ore, the reduction carbon, and the chloride. 

The scrubber solution was reduced and practically neutralized with scrap iron and 
then electrolyzed, using a revohdng steel mandrel as the cathode and boiler-plate or 
cast-iron anodes. The tin was deposited on the rotating mandrel and was replaced 
in the solution by an equivalent amount of the iron of the anode. The Pinyok ore 
contains some lead, which was also volatilized as chloride. INTiilo most of the lead 
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deposited as a sludge m the acid scrubber solution, the solution as sent to the tanl 
house was always saturated with lead chloride to the extent permitted by the tern 
perature and the slight acidity of the solutioa Practically all the tm could be 
deposited before the lead began to plate out 

The solutions were stripped *01 tin after the mam portion of tin had been taken 
o5 the cathode, the lead commg down witlithiaiasttmandpioduciiig a small amount 
of inferior metal 

The tank house solutions were evaporated, recovering ferrous chloride derived 
from the metal of the anode, and this chloride then went back mto the process with 
more ore and reducing agent (charcoal) As a consequence, after operations were 
initiated, except if calcium chloride was used for make-up the reactive reagent was 
ferrous chloride A pilot plant was operated at Bromley-le-Bow near London The 
full scale plant was just ready to run at the time of the Japanese invasion of Thailand, 
and the plant was taken over by th^ m the first few days 

In very recent months Irving E Muskat has taken out patents for the volatibza 
tion of stannic chlonde from tm ores and residues m a contmuous shaft furnace He 
has a tm-ore treatment process in which he chloridizes tin ores at such a rate as to 
make the reaction self sustaming, using chlorine or hydrochloric acid in a refractor} 
Imed shaft furnace (U S patent 2345210 of hfar 28, 1944) Some reduemg agent is 
necessary, such as carbon, methane, acet}]ene, ethane, sulphur, or a sulphide In 
spite of the necessity for a reducing agent, he also finds it occasionally necessary to 
introduce air or oxygen, in which case the reduemg agent must be uicreased The 
presence of air renders selective chlorination possible, particularly as it inhibits the 
formation of iron chlorides 

Other uses of the chlorme radical in the im metallurgy are of course old The 
late J IV Richards for some time ran a plant for detmning the ordmary tm plate, 
using hydrochloric acid as the detmning agent and producing a tin chloride that was 
Bolrl This plant was eventually forced out of busmess by the rise of the electrolytic 
dctinniDg process using a caustic soda electrolyte In turn the use of chlorme for 
detmning came back m the Goldschmidt process where steel scrap was detmned by 
gaseous chlorine (page 554) 

Continuous Chromite Chloridization — It is clauned that it is possible to chlondize 
chromite continuously, distilling oS the chromium from the iron (Irving E Muskat 
U S patent 2325192 of July 27, 1943) A reducing agent is mued with theorem a 
refractory hned contamer, using chlorme not m excess of the theoretical amount to 
chlondize the chromium and the iron to the ‘ ic” condition The chromium chloride 
distills off and is condensed after adding an excess of chlorme to the gas being dram 
off from the reactor 

The use of sulphur dichloride, SClj as a cbloridizmg agent, with sulphur tetrachlor 
ide, SCI4, as a welcome impurity, has been advocated by L G Jenness (U S patenti 
1834622 of 1931 , 18G3999 of 1932, 1923094 of 1933), particularlj ui comhmation with 
free chlorme The so-called monochloride (S^Cii) he finds mert w hich bears out the 
earlier experience of Dr E W Wcscott, whousedSCli (or S|C1, as it more probably 
is) to chlondize pyrrhotite for the jiroduction of ferric chloride and elemental sulphur 
This latter process, however, lies out of the field of nonferrous metallurgy 

Sulphur dichloride is prepared by passing chlorme through or over sulphur or 
sulphur chloride at 25 to GO'C Above BCC the product is contammated with 
sulphur monochloride, this undesirable feature increasmg as the temperate approaches 
lOO’C Jenness conducts his operations by workmg at mcrcaemg temperatures, 
thereby volatilizmg one chlonde after another He beheves that when he works on 
oxidized ores, much of the volatilized product consists of double cHondes, e g , 
4Taa».3SClt, TiCliECU, 2CbavSai, VOa»SCVi, and that such chlondes are 
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distinctly lower in their volatilizing points than are the corresponding chlorides, such 
as TaCls, CbCU, etc. The double chlorides he also says are most of them soluble 
without change in water, while the single chlorides hydrolyze. The double chloride 
of tin is an exception, as it rapidly decomposes even in cold water. 

Oxide Volatilization . — Corollary to chloride volatilization is the oxide volatiliza- 
tion process, developed bj' the Chief Consolidated Mining Co.,* at Eureka, Utah. 
Ores from this mine varj' from entirely oxidized ores to ores showing only slight 
oxidization, and from nearly seh-fluxing ores to highly infusible ores. The average 
ore has approximately the following composition: Au, 0.055 oz. per ton; Ag, 25.2 oz. 
per ton; Pb, 6.0; Zn, 4.6; Fe, 7.0; “insoluble,” 63.8; S, 4.8; and CaO, 2.6 per cent. 
Smelting and freight charges were high, so the company began its metallurgieal 
research in 1916 to develop a method of ore treatment at the mine, principally along 
the lines of mechanical concentration and chloride volatilization. This work resulted 
in the construction of a concentration and volatilization plant, designed to treat 250 
tons of ore per day; the plant was started in May, 1925, but was scrapped in 1932, 
due to low metal prices. 

All the sulphide minerals and some of the lead carbonate are recovered by gravity 
concentration and flotation ; this likewise removes all the easily fusible or slag-form- 
ing constituents from the gangue. The tailings from the concentrating plant carry 
0.035 oz. Au per ton; 11.4 oz. Ag per ton; and 4.7 per cent Pb. These tailings are fil- 
tered and then dried by the hot gases from the volatilization furnace in a Ruggles- 
Coles rotary drier, 7.5 ft. in diameter and 60 ft. long. An indirect-heat type of drier 
is used to avoid contamination of the fume-bearing gas. 

The dried tailings go direct to the volatilization furnace, which is the regular 
cement kiln type, 10 ft. in diameter and 80 ft. long, and is fired with pulverized coal. 
Volatilization experiments were started by using 10 per cent salt, but this produced 
a fusible slag at temperatures below the point at which a satisfactorj' volatilization of 
the silver could bo obtained. Reduction of the percentage of salt permitted the rais- 
ing of roasting temperatures which thereby increased the volatilization and recovery 
of the silver, until, finally, the use of salt or other chlorides was discontinued entirely 
and the furnace temperature was raised to 1400°C., at which point the gold, silver, and 
lead are almost completely volatilized. These results have been duplicated in prac- 
tice, and the elimination of chlorine permits the use of bags for the recoverj' of the 
volatilized fume. The calcines discharging from the volatilizing furnace carry only 
trace Au ; 1.2 oz. Ag per ton ; and 0.2 per cent Pb, thereby showing a recovery of nearly 
100 per cent of the gold, 90 per cent of the silver, and over 95 per cent of the lead, 
since the recovery of fume by means of the baghouse is practically complete. The 
recovered fume assays 0.3 oz. Au per ton; 64.0 oz. Ag per ton; and 27.8 per cent Pb. 
The capacity of this furnace is 7 tons of tailings per hour, and the consumption of 
coal is about 30 per cent of the furnace feed. The tailings go to the volatilizing fur- 
nace without regrinding and will all pass a 20-mesh or 0.75-mm. screen. 

Thvo curious analogies have developed between chloride and oxide volatilization: 
(1) Accretions of ore occur in the preheating zone of the volatilizing furnace, up to a 
temperature of about 1100°C., in spite of the fact that no salt or other chlorides are 
used in the ore feed, but at higher temperatures these accretions do not exist. They 
are not slagged accretions, such as rings in cement kilns, but consist of imfused parti- 
cles of quartz (the principal gangue), loosel 3 ' bound together bj' a slight fusion of the 
other gangue constituents; thej' do not occur in definite rings, as in cement kilns, but 

' Parsoks, Anrntm B.» Chief Consolidated Starts Novel Reduction Plant, Eng, Min» JouT.-Preat 
(Oct, n, 192*1), p. 5S2; BARnoun, Pbrct E., The New Utah-Idaho MetaUurK\', Min Met. (August, 
1925), p, 305; Wiotok, G. The Chief Consolidated Volatiliiation Process and Mill, Trans, A.J.Af.E, 
(September, 1925); Min, Mti, (August, 1925), p. 444. 
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occupy the entire preheating zone Thepe accretions are removed penodicaUy by 
means of a water cooled plow mounted on the end of a water cooled bar, 86 ft long 
which has a dircct-euirent crane motor and gears mounted on the other end, the gears 
run on a stationary steel rack mounted on each side of the bar ^ ith this plow, longi 
tudmal trenches can be cut through the accretions when necessarj and a clean fur- 
nace maintamed The actual plowing operation requu-es about 20 mm (2) As 
ordmarily operated i e , passing the feed countercurrently with the furnace gases, 
considerable trouble was experienced with the large amount of flue dust that passed 
over with the fume and required re-treatment The ore now is passed concurrentlj 
with the gases and consequentlj is fed at once mto the hottest part of the furnace, 
the quick heating softens the ore so that there is almost no dustmg The volatiliza 
tion IS about the same and the fume carries only about 15 per cent sihca The 
accretions occur also near the end of the furnace, where the> can be remoa ed more 
easUj The advantage of getting the ore feed quicklj mto the hottest zone of the 
furnace was observed by Croasdale and bj all subsequent investigators of chloride 
volatilization The estern Metallurgical Co ob'»erved certain advantages m pass- 
ing the ore feed concurrently w ith the gases (see prccedmg section on chloride volatih 
zation) 

The Waela process 13 an outstandmg oxide volatilization process, but this is treated 
at length m the chapter on zme The methods of making zinc oxide and leaded zme 
oxide arc also oxide-\ olatilization processes The Schwarz oxide-volatihzation process 
demands some notice Alfred Schwarz discovered that if a sulphide ore were groimd 
to about 20 me«h with about 50 per cent of powdered coal, and the product mixed 
with about *3 per cent of its weight of starch, glue, or ether similar bmder m a 1 per 
cent solution, together with about half the wreigbt of the w eight of the ore in fine cinder 
from previous runs, the mu ignited readily on a perforoted grate and was porous 
enough to burn readil} , with almost complete volatilization of zme, lead, and silver 
If the ore was a pure blende, the product (zinc oxide) was of fair color, but required 
roastmg to free it from mechanically held sulphur dioxide Before the great improve- 
ments in flotation, the author felt the process had a field as a pyro-concentration 
process, givmg an almost pure lead zme-sdver oxide product (arsenic and antimony 
of course were w ith the volatilized portion) and a residue contammg copper and gold 
C A H deSaullesabout the same tune that Schwarz was workmg (1921) patenteda 
process for feedmg a mixture of ore and reduemg agent on to a bath of molten slag, 
the zme and lead reduemg volatilizing, and then reoxidizmg above the charge, while 
all nonvolatile constituents went into the sl^ (If S patent 1712553) 

A plant IS understood to be under construction in Bohvia (1943) from designs by 
U C Tamton, in which tm ores are to be burned with carbon and pyrite on a grate, 
the tm bemg lirst sulphidizcd and volatilized, then burned above the charge to SnOj 
and SOt,. the tm oxide hemg. swept out and. Tha tbnu%ht is to effect a 

pyro-concentration of the tin 

Volatilization Processes for the Pcodactioa of Aluminum Chloride and AlunununL 
Alummum was first commercially produced by the DeviUe process or its modifica- 
tions The process consisted of heating alumina and carbon m a retort m an atmos 
pbere of chlormc gas Alummum chloride volatilized and was recovered by 

conden'iation In later practice, salt wasaddedtotheretortandthedoublcehlorideof 

sodium and alummum was formed and recovered m the same manner Aletalhc 
alummum was produced by reduction of this salt w ith metalhc sodium This process 
was abandoned a number of years ago as a source of alummum, but anhj drous alumi* 
num chlonde has assumed considerable importance m the petroleum mdustrj 

Smee most of the methods for produemg alummum chloride mtolve the use of 
chlormo gas m conjunction with volatilization, the subject will be discussed mot® 
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fully under Dry Chlorine-gas Processes (next page). There are, however, several 
methods proposed which are strictly volatilization processes. One is that of Booth 
and Marshall, 1 in which aluminum silicate (clay or feldspar) or aluminum sulphate 
(alunite) is mixed with calcium or magnesium chloride and heated in an electric 
furnace to a temperature of 1300“C. An alkaline-earth silicate is formed, and 
aluminum chloride is recovered by volatilization and condensation. 

Another method is proposed by Burgess.* He mixes aluminum carbide with an 
anhydrous chloride of an element below aluminum in the electrochemical series and 
ignites the mixture. The reaction begins at 380°C. and is exothermic. The alumi- 
num chloride volatilizes and is recovered by condensation. Lead chloride and silicon 
tetrachloride are suggested as the cheapest chloridizing agents for the aluminum 
carbide. 

Ravner and Goldschmidt* propose using minerals of the feldspar group as a source 
of alumina, because they contain 25 to 36 per cent alumina and very little iron. 
When mixed with carbon they will react to form aluminum chloride in the same 
manner that pure alumina and carbon react, and at the same temperatures. 

Wolcott^ proposes using oil shale, bituminous shale, and bone coal as raw materials 
for the production of aluminum chloride since the reducing agent and the aluminif- 
erous material are already most intimately blended and ready to react. The only 
difficulty is that the alumina and the carbon seldom exist in the proper proportions, 
but, with low-grade coals, the excess of carbon is utilized as fuel for the process. This 
material is roasted with salt, and the aluminum chloride is volatilized and recovered 
as fume. 


WET CHLORINE-GAS PROCESSES 

The Plattner process was in constant use, sbee it was first proposed by Plattner 
in 1851, until about 1916. It is applicable only for the recovery of gold, and for a 
long time it was used principally for the treatment of concentrates from free-milling 
ores. The operations were, therefore, conducted on a small scale. The pyritic con- 
centrates were roasted “dead” in a hand reverberatory furnace and then placed in a 
vat and leached with water saturated with chlorine gas. Owing to the difficulty b 
handlbg chlorine gas b this manner, the vat was replaced by a lead-lbed iron barrel 
having a capacity of about 1 ton of ore. Water, bleachbg powder, and sulphuric 
acid were added to the ore b the barrel in such proportions as to form a thin pulp and 
to generate a slight gas pressure when the barrel was sealed and the charge agitated. 
The chlorbation of the gold was completed after the barrel had been revolved for a 
few hours. The charge was then dumped into an open vat provided with a sand filter, 
and washed with water. The gold was precipitated by ferrous sulphate, collected, and 
melted into bullion. 

In 1894 the process was first applied to crude ores from Cripple Creek, Colo. 
There was no change b the process except to conduct it on a larger scale. The ore 
was cnished to pass a 12-mosh or 1.5-mra. screen and roasted in a mechanical furnace. 
The lead-lined chlorbation barrels were enlarged to 10 tons capacity and were pro- 
vided with perforated lead filters inside. The chlorbation was done under pressure 
with bleaching powder and acid ns before; 12 lb. of bleachbg powder and 24 lb. of 
acid were required per ton of ore. The barrels were revolved 2 or 3 hr. and then 
stopped with the filter at the bottom. A valve was opened under the filter, and the 
leaching and washbg were done in the barrel. The taiibgs were discharged directly 

' IT. S. r.itcnts 1392043 to 1392040, Sept. 27. 1921, H. S. Booth and G. G. Mahshali- 

’ll. S. patent 1321281,1,0019 Bonocss, Nov. 11, 1919. 

* TT. S. patent 1302802, May 6, 1919, Ostthin IlAVHEn and Vicron M. Goldschmiot. 

* Entluli patent 100759; Canadian patent 217051 ; U. S. patent pending. E. R. Wolcott. 
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from the barrel to the dump In some instancra the gold Tvas precipitated from 
solution by filtering through charcoal After a certain tune the charcoal was burned 
and the gold bearing ashes melted mto bullion Generally, the gold was precipitated 
b} means of sulphureted hydrogen and melted into buUion bj fluxuig this precipitate 
In later practice on Cripple Creek ores, the chlorine was generated by the electroljsis 
of salt and nas absorbed by water as it passed through scrubbing towers 30 m m 
diameter and 30 ft higb, made of ordmary glased sewer pipe From the toners the 
saturated solution of gas was pumped mto lead Imed storage tanks and then run into 
the chlorination barrels as needed The agitation of the charge produced sufTcient 
gas pressure The rest of the process remained the same ns before 

The treatment of Cripple Creek ores by this process contmued until 1911 nhenit 
was finally supplanted by the cyanide process During its operation 2 046 223 tons 
of ore were treated at an average cost of $2 34 per ton The tailings averaged 0 063 
oz per ton and the average recovery of gold was 93 23 per cent 

A few chlorination plants contmued to treat pyritic concentrates m California up 
to the tune of the First World I\ar, but this marked the close of the chlorination 
process m the United States and xt is doubtful if it will ever be resuved It is not 
adapted to ores containing any free basic gangue, owing to the excessive consumption 
of chlorine It has been replaced generally by the cheaper and more adaptable 
c>amde process 

Fanadtum Orei — Earlj in 1924, Dr Saklatwalla while research chemist for tbe 
\ anadium Corp of America developed a process for tbe extraction of vanadium and 
some of the rarer metals from vanadium ores by the use of chlorine gas ui cold aolution, 
but the ores that are being treated today are too low grade for this purpose 
DRY CHLORINE'GAS PROCESSES 

Chlorine Production — With the development of electrolytic processes for the 
production of caustic soda and chlorine from salt, end w itb modern methods for dr} 
ing luiuefymg and transporting cblonne m a bquid state, this element has become 
a cheap commodity available for many uses and capable of considerable develop 
meat metalJurgically The actual continuous working capacity for chlorme produc 
tion in the United States at the present tune is about 2800 tons per day, which does 
not include the chlorine made and used m the same plant 

Malm Process for Complex Ores ’ — This process was a development of the Baker 
Burwell process described on page 522 for low grade complex sulphide ores The ore 
was crushed on the average to pass a 0 75 mm screen The dry ore was fed into a 
tube mill countercurrently with a stream of dry chlorine gas The tube mill nos 
divided into three compartments and was not Imed No gnndmg was done in tbe 
tube mill but a few pebbles were added to keep the charge from forming mto lumps 
Most of the chlormation was done m tbe compartment at the discharge end where the 
chlorine gas entered The central compartment was arranged so as to be heated on 
the outside of the shell if nece^ry to start chemical action or to keep chemical action 
alive if the ore contains little sulphur The temperature in the the tube mill w as kept 
near , which was still lower than that used m the Baker Burwell process About 

50 per cent of the chlormation was done in the tube mill or enough chlorine was 
admitted here to chloridize all the recoverable metals If complete chlormation was 
attempted m the tube mill, the temperature of the charge had to be raised above the 
melting pomt of the free sulphur present and the charge became sticky 
The chemical reactions may be simply expressed by the equation 

XS + Cl, » \cu + s 

•lOMDis S 4 The Dry CblorinatMn ot Complex Ora WintnoSei Preit Miy27 1916 pp 79' 
787 
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Very little sulphur chloride was formed, and if the charge was kept free from moisture 
no hj'drochloric acid was formed. The ore discharged from the tube mill into a multi- 
ple-hearth furnace, where the temperature was raised by direct firing but was not 
allowed to go higher than 400°C. This decomposed the iron chlorides and converted 
most of the iron into the oxide. The chlorine liberated was absorbed by fresh sulphide 
ore, which was continually circulated on the two upper hearths of the furnace. The 
tube-mill discharge was delivered only on the four lower hearths where the chlorina- 
tion was completed. 

From the furnace, the chloridized ore was discharged into an agitator filter, where 
it was first washed with mill solution which contained the soluble metallic chlorides 
from previous charges. These were principally chlorides of iron, zinc, and copper. 
This mill solution dissolved all the metallic chlorides, except the lead chloride and 
sulphate. The mill solution was followed by a wash of steam, which cleaned the 
charge of soluble metallic chlorides with a minimum amount of water. The wash 
waters went to storage to build up new mill solution. The ore was then leached with a 
hot saturated solution of common salt which dissolved the lead salts. This solution 
was conveyed to a separate tank, where it was allowed to cool and the lead chloride 
crystallized out. The lead chloride was collected, fused, and electrob'zed for the 
recoverj’' of lead and chlorine. The anodes were graphite and the cathodes molten 
lead, which was tapped periodically from the cell. The chlorine was returned to the 
circuit. 

When the mill solution became saturated with soluble metallic chlorides, it was 
treated with metallic lead to precipitate the gold, silver, and copper; then with zinc 
to precipitate any lead that may have gone into solution ; and then with zinc oxide 
(obtained by roasting high-grade ore) to precipitate all the iron, manganese, and other 
impurities. This loft a commercially pure solution of zinc chloride. The precipi- 
tate was filtered off and the zinc chloride solution evaporated to a 70 per cent solution 
if the product desired was zinc chloride; and to dryness, if the process was carried on to 
the production of metallic zinc and the recovery of the chlorine. (If the product is 
sold as zinc chloride, the new chlorine supply must be generated by the elcctrolj'sis of 
salt solution. If the final product is metallic zinc, the anhydrous chloride is fused and 
electrolyzed bj'’ using molten zinc as a cathode and graphite as an anode.) The zinc 
was tapped periodically and the chlorine returned to the circuit. The cells for the 
electrolysis of both lead and zinc were of the same pattern. They were made of 
concrete and lined with a special fire-clay tile. They gave entire satistaction under 
continuous operation. The evaporation of the zinc chloride solution, which has 
alwaj’s boon troublesome not onl 3 ' from its corrosive qualities but from its tendenej^ 
to form basic salts, was condizctcd in a specially designed pan without difficulty from 
cither of these sources. 

The recoverj' of all metals bj' this process was said to average between 90 and 95 per 
cent. A pilot plant was constructed in Denver during 1924—1925 for the production 
of zinc chloride by this process. It is reported that this plant was operated contimi- 
oiislj' for several months with satisfactorj'inetallurgical rp.sults, but no market could be 
found in that territorj' for the zinc chloride and the caustic soda produced ; also, some 
difficultj’ was experienced in using the wet chlorine gas direct from the clcctrolj’tic 
cells. 

A plant using chlorine gas for the treatment of lead-zinc ores is reporti;d to have 
been in commercial operation at Weston Point, England, in 19241 and for some years 
thereafter. 


< I’OTTKII. . 1 . G., Complex I,e!i(l-Zinc Orc.i to Be Treated bj- Chlorinatinn and EIcctrolj-sis. Eng. 
Minino Jour.-Press, Apr. 19, 192 1, p. C-10, 
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Detuming Processes — These may be summed up m the Goldschmidt process,* 
although there are several modifications and patents that are closely related They 
are all based on the fact that dry chlorme gas wJl attack tm, but will not attack iron 
to any appreciable extent Therefore, if dry chlorme gas is carried over and through 
tin scrap, the chlorme and the tm combine, with the evolution of considerable heat, 
formmg tm tetrachloride, which is a heavy fummg liquid and drops off thescrap The 
tin scrap must be absolutely dry and free from all organic substances, paper, lacquer, 
etc It IS not only necessary to remove all mowture, but also all substances that can 
produce or attract moisture m order to prevent corrosion of the iron which would 
make it unmarketable The tm scrap is compressed mto bundles and placed into 
cylinders which are then closed Chlorme gas is mtroduced at a pressure of several 
atmospheres As the tm chloride is formed the pressure drops As soon as the 
pressure remams constant, the detmnmg la complete Artificial coohng must be 
provided to prevent overheatmg 

The chlorine and the tm chloride are removed and the iron scrap bundles are 
carefully washed and sold to open hearth steel works The tm tetrachloride nas 
formerly sold to the silk mills for weightmg sUk In a modification* of this process the 
chlorine gas is dissolved in carbon tetrachloride and the tin scrap is placed m this 
solution, which dissolves the tm tetrachloride as rapidly as it is formed and is thus 
withdrawn from the scrap In another process* the scrap is heated with sand until 
the tin becomes brittle at temperature near the meltmg point The mixture is then 
tumbled m a barrel until the tm is completely removed from the iron The sand and 
the tin a*e screened from the scrap and arc treated with dry chlorine gas m a closed 
vessel at a temperature that will volatilize and distil! off the stannic chloride A small 
plant near London used this process for a time 

Miscellaneous Processes — The use of chlorme to form aluminum chloride » 
noted below at length la the chapter on magnesium, the laTge>scale formation of 
magnesium chloride has been described The use of fused chloride baths for the 
production of barium, strontium, calcium and lithium is an important factor m their 
metallurgy Beryllium chloride has been used for the production of berylhum, but 
the fluoride seems to be more favored 

Aluminum Chlonde Processes — Anhydrous aluminum chloride possesses 
remarkable properties as a catalyst or reagent for the treatment of petroleum accord- 
mg to the Friedel & Crafts reaction (1) It converts all unsaturated compounds 
mto saturated compounds by throwing out the excess of carbon m the unsaturated 
hydrocarbons la this manner it converts unstable oila from asphalt-base petroleums 
into stable products of good odor and color similar to the paraffin base petroleums 
(2) By simply boihcg the heavier petroleum oils with anhydrous alummum chlonde 
at atmospheric pressure, these oiU are cracked and 60 to 85 per cent of the heavy oJ 
13 converted mto low boiling fractions, leaving a residue of coke, or, if the distillation 
13 stopped at the proper time, 60 per cent of the low-boihng fractions is produced 
leaving 20 to 25 per cent of good lubricating slock (3) It complete!} desulphurizes 
the petroleum durmg refining 

The value of this reagent in the petroleum industry is so pronounced that over 
700 patents have already been issued covering processes for its production and 
practically all the oil companies at one time or another have been engaged in research 
work relative to its commercial application 

> GoLD8CHMti>T Karl. The Detinnin* IndoBtry BUtbvektwK. »fet lad (now Ciem. ila Eng ) ^ ol 
7 pp 79-81 Feb 1909 

»U 8 P»tent 943980 Mitbrat and FRsiraraeBB 1909 

» U 8 patent 958877 C J Hred 1910 
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Aluminum chloride is a white crystalline solid which volatilizes without fusing 
between 181 and 195°C. It is extremely hygroscopic and absorbs moisture from the 
air to form aluminum oxide and lo’droohloric acid. This eas}' decomposition seriously 
interferes with its action as a catalyzer; it also produces transportation and storage 
problems on account of the difficulty of securing suitable moisture-proof containers. 

The methods proposed for the manufacture of anhydrous aluminum chloride may 
be grouped under the following headings (reference to the technical paper quoted or to 
the original patents must be made for the details of these processes): (1) dry chlorine 
gas acting on aluminum metal; (2) dry hydrochloric acid gas acting on aluminum 
metal; (3) chlorine gas acting on mixtures of aluminiferous and carbonaceous mate- 
rials; (4) chlorine gas or hj'drogen chloride acting on aluminum carbide; (5) chlorine 
gas acting on aluminum nitride; (6) chlorine gas and carbon disulphide vapor acting 
on aluminiferous materials; (7) chlorine compounds of carbon acting on aluminif- 
erous materials; (8) chlorine compounds of sulphur or arsenic acting on aluminiferous 
materials; (9) dry lead chloride reacting with aluminum metal or with aluminum 
carbide; (10) anhj'drous calcium chloride reacting with aluminiferous materials; (11) 
aluminum chloride solutions prepared bj’' any wet method, then evaporated and 
the crystals dehj'dratcd. 

The use of chlorine in refining metallic gold is described in the chapter on gold and 
silver refining. A stream of chlorine bubbled through molten aluminum is used in 
the aluminum-casting industr}' to keep the metal pure and to afford a protection 
against oxygen. 

Nickel and Cobalt Ore. — Chlorine has been successfully applied in the laboratory 
to the recovery of nickel and cobalt from arsenical ores.* The Diehl process for 
treatment of nickel ores containing large amounts of magnesia and lime is interesting 
chemically, and suggestive of how basic ores niaj’ be leached. The ore, moistened 
with hj'drochloric acid, is tube-milled at about 500°F. in an atmosphere of hydro- 
cliloric acid gas and then sent to a leaching tank with water. This water will take out 
practically nothing but a calcium-magnesium chloride solution, which is evapo- 
rated and treated with sulphuric acid to regenerate hydrochloric acid gas or is evapo- 
rated to hydrolyze the chlorides. The ore after leaching with water is leached again 
with hydrochloric acid, which then dissolves the nickel. 

Cuban ore treatment with hydrochloric acid lor the recovery of nickel and cobalt 
was devised by W. G. Hubler and F. R. Archibald. The ore is leached with hydro- 
chloric acid (4 to 20 per cent in strength) until the free acid is less than 7 per cent. 
The solution is then filtered off and precipitated with magnesia. Iron and aluminum 
como down first, then nickel and cobalt. The magnesium chloride solution is then 
evaporated and the chloride hydrolyzed, thus recovering the magnesia and acid. 

Electrolytic iron was produced with a chloride electrolyte for a time by the Electro- 
lytic Iron Co. of America. The iron had the advantage of being sulphur-free. The 
process used scrap iron as a ba.se, with carbon anodes, and rotating mandrels as 
cathodes. Pregnant ferrous chloride solution was fed into the cathode cell and ferric 
chloride solution withdrawn from the anode compartment, a sheet-asbestos diaphragm 
separating the two. This ferric chloride solution was then used as a solvent for the 
scrap iron. Some unascertained impurity was evidently picked up from it, for with 
old clcclrolyte.s the deposit would split and the revolving pieces cut the diaphragms. 

> BitAi.ur.n, op. cil., p. 849. 
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Physical Constants * — According to Becket[I!, differences in puntj and m the 
elements making up the impurities m chromiiini have m the past resulted m dis- 
crepancies in its physical con''tant3, but with the production of electrolytic chromiiun 
more accurate figures ha^e been possible Constants for pure chromium are gi\en 
bj Becket as follows 

Atomic weight (accurate), 52 01 
Density, 7 I 

Melting point, probably most accurate figure, 1830®C 
Boiling point (author believes this figure too low), 2200“C 
Hardness cast chromium, Mohs’ scale, 4 to 5 

Hardness cast chromium (commercial) Brinell number, 98 60 % Cr, 0 02C , 130 

Hardness cast electrolytic chromium, Brinell aumber (different observers), 90-115 

Hardness chromium plating, Mohs' scale, ^9 

Hardness chromium plating, Brmell aumber, 800-900 

Specific beat between 0 and lOO^C , 0 12 

Electrical resistivity, mictohma per centimeter cube, 13 

Linear coefficient of thermal expansion, room temperature, 8 2 X 10~* 

hlagnctie susceptibility, extremely feeble 

Crystal structure, body-centered cubic 

Chromite — This mineral with a specific gravity of 4 4 and a 5 5 hardne^ is 
the source of all chromium products and is one ol the most refractory substanres 
known The theoretical formula for chromite la FcO CriOj, though it does not 
appear as such in nature owing to replacement of FeO with MgO or CtjO* with 
AliOi or FcjOj Consequently, the formula could more practically be written 
(Fe,Mg)0 (Cr,Al,Fe)jO, The extent to which the various elements may replace 
one another in the mmeral crystal is evident when comparmg the theoretieal and 
actual chromium-iron ratios for vancnis chrome ores A pure chromite would contain 
68 per cent CriOi and 32 FeO, resultmg in a chromium iron ratio of 1 87 1 as agsinst 
the actual chromium iron ratios id chTozoe ores, which vary from less than 1 I to a" 
much as 4 1 

Grades of Chrome Ore — For the needs of industry , chrome ore is classified mto 
three main categories metallurgical refractory , and chemical 

Melallurfftcal Chrome Ore — There are two quabties of metallurgical chrome ores 
those suitable for low carbon ferroebrome and those “uitable for high carbon ferro- 


chrome manufacture The manufacturers of high carbon ferroebrome prefer an ore 
running 48 per cent CrjOi or better, with a chromium iron ratio of at least 3 1 
Silica 13 undesirable, and some producers are reluctant to use an ore whose combined 


magnesia and alumina content is m excess of 25 per cent The ore should be lumpy , 


■Vice-president Mutual Cheoucsl Co of Amenea New York , 

• References in tbis chapter are to sunUnrlrBninbered references in the Biblioeraphy #t the eloee el 
the chapter 
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with not more than 15 per cent going through a K-in. screen. Massive ore resistant 
to attrition is very desirable. 

Chrome ore fines or concentrates may be used as part of the raw material in the 
manufacture of low-carbon ferrochrome, but if the material consists of screenings it 
is often washed in order to remove tramp wood, since carbon is undesirable in this 
process. Likewise, acid-washed chrome ore with a high carbon content is disad- 
vantageous in certain processes. The ore should run at least 48 per cent CraOj with 
a chromium-iron ratio preferably in excess of 3:1. 

Refractory Ore . — The physical make-up of chrome ore for refractory use is of great 
importance. A hard massive ore is preferred, and concentrates are less desirable 
for some refractory purposes than fines secured from grinding lump. The ore should 
be uniform in CrjOa content, particularly when used as lump in the maintenance of 
open-hearth furnaces in the steel industry. A high CrjOj content is less important 
than in the case of metallurgical ores. High alumma and magnesia and low silica 
and iron contents are specified. 

Standard refractory ores usually carry approximately 33 per cent CrsOa, 30 per cent 
AI2O3, 17 per cent MgO, and 10 per cent iron, with the sUica as low as 2 per cent. 

Chemical Ore . — The determining factor in classifying chrome ores for use in the 
manufacture of chromium chemicals is the cost per unit of CrsOj rather than analysis 
or physical make-up. High-grade ores which provide some unit increase in output arc 
consumed in the chemical industry only provided the cost per unit of Cr 203 is con- 
sistent with lower grade competitive ores. While ores running 48 per cent Cr 203 
or better have been consumed in considerable quantities in the chemical industry, 
the most important chemical ore originates from the Transvaal, analyzmg 44 per cent 
Cr 203 , with a chromium-iron ratio in the neighborhood of 1.6:1, 4 per cent silica, 
15 per cent alumina, and 9 per cent MgO. High silica is a disadvantage, as are iron 
and alumina, but to a lesser degree. The ore is usually in the form of run-of-minc 
fines with only occasional lumps. 

Chromium Metal. — Chromium metal may be produced in commercial quantities 
by the Goldschmidt process, electric-furnace process, or elcctrolytically. The Gold- 
schmidt process is based on an aluminothermic reaction which, once imder way, 
continues as exothermic. Chromium is added to the mix in the form of chrome-oxide 
green carrying in excess of 99 per cent Cr203 udth not more than 0.003 sulphur. The 
reduction is brought about through the addition of aluminum powder, producing a 
chromium metal anal 3 'zing approximately as follows: Cr, 98 to 99 per cent; Pe, 0.3 to 
0.5; Al, 0.3 to 0.5; Si, 0.3 to 0.5; C, 0.05. Chromium metal is manufactured in the 
electric furnace using either chrome ore, chromium chemicals, or a mixtme thereof, 
with silicon ns the reducing agent. Various grades of metal are produced, with the 
chromium content as high as 97 to 98 per cent and a maximum of 1 per cent iron and 
less than 0.20 carbon. Other grades arc available carrj’ing 87 to 90 per cent Cr, 
1.25 iron, and 9 to 11 carbon. 

Chromium metal is used in the nianufactiirc of chromium bronzes, special allo 3 's 
for tools, corrosion-resisting allo 3 's, vacuum tubes, and certain alloys making up 
electric resistances. 

Chromium-nickel Alloys. — ^Nonforrous allo 3 ’s containing approximatel 3 ’- 80 Cr: 
20Ni are used in the manufacture of resistor elements for electric ranges, electric 
heaters, electric furnaces, and in other applications for resistors that must operate at 
high temperatures. The nllo 3 -s are resistant to corrosion and ma 3 ' be obtained in the 
form of wire strips or ribbons. 

Wvere the temperature of the elements docs not exceed 1700°F., nickel-chromium- 
iron .allo 3 ’s containing approximatcl 3 ' 60 per cent nickel and 1 5 per cent chromium find 
use. Where the temperature does not exceed 1200'’F., a nickel-chromium-iron alloy 
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conlaiiung approximately 35 per cent nickel and 18 per cen* diromium has been 
applied Temperature-resistance curves of the above alloys may bo seen in Fig 1 
Hastelloy — Ilastelloy C is a nickel tungsten-molybdenum chromium iron alloj, 
contaming a maximum of 20 per cent Mo, 18 Cr, 6 W, 7 Fe, with the balance nickel, 
which finds use m withstondmg strong acid oxidizing agents includmg nitric acid, 
aqueous solutions of chlorine, free chlorine, acetic, formic, and sulphurous acids It 
also resists the oxidizmg action of feme or cupnc salts 



Fio 1 — Temperatuxereaistance corve ChromelA sYiowinEeffeclofBlewaadTaindcoe'Ung 
The forms of Hastello} available include castings, rolled sheet and plate, welded 
tubmg and Yielding rod either for ox) acetylene or electric welding The alloy cannot 
be worked either hot or cold, but castmgs are machinable at moderate speed The 
ibaractcristics of this alloy are listed below 



Rolled and 
annealed 

Cast 

Ultimate tensile strength per sq in 

115,000-128 000 

72,000-80,000 

Yield strength per sq m 

55,000-65,000 

45,000^8 000 

Fer cent elongation in 2 m 

25-50 

10-15 

Reduction m area I 


11-16 

Hardness, Brinell, 3000 kg 

160-210 

175-215 

Impact Izod, ft -lb 

34-40 

9-14 


StelLte — Stellite is a cobalt-chromium tungsten alloj supplied in five grades 
Stellite Alloy No 93 is a high-chromniTn cobalt ferrous alloy containing chrorai sm 
cobalt, molybdenum, vanadium, and iron, which finds application where high cold 
hardness is necessary and corrosion is not an important factor 

In hand forming the Stellite may be applied by either ox> acetylene or electric arc 
welding Both bare and flux coated rods are available for oxyacetylene and arc 
welding 

The use of hard facing Stellite covers many varied industrial fields wherever near 
13 severe, such as mining, cement manufacture, automotive aviation excavation, 
machmery and equipment, and the iron and steel, lumber, and paper industries 
Stellite m the form of high speed cutting tools is emplojed in mass-production 
machining operations such as turning milling boring and facing 

Chromium Steels — The addition of chromium even in small amounts to steel 
subjected to heat-treatment results m ^eatcr hardness and tensile strength with 
little loss m ductility In addition, a greater depth of hardenmg can be obtained 
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which is takca advantage of in the manufacture of armor plate and armor-piercing 
projectiles. 

High-nitrogen ferrochromium is used in the manufacture of steels containing as 
much as 20 per cent chromium for reducing grain size and improving the physical 
properties. Chromium is also used for increasing the strength and hardness of cast 
iron. 

Chromium is introduced into chrome steels in the form of ferrochromium, 
Chrom-X, or through the direct-reduction process. High-carbon ferrochromium 
is usually manufactured in a single-pliasc nontilling electric iurnace with the elec- 
trodes submerged to as much as 2 ft. in the charge. The furnace burden consists of 
lumpy chrome ore, coal or coke, lime and fluorspar. The reaction is vigorous, most 
of the reduction occurring in the higher temperatures around the electrodes so that 
liunpy chrome ore is necessary in order to provide better heat distribution and avoid 
chimneying. 

The power consumption in the manufacture of high-carbon ferrochromium is in 
the neighborhood of 3 kw.-hr. per lb. of chromium contained in the alloy, and the 
electrode consumption is 60 to 70 lb. per ton of alloy. Linings last 1 to 3 years with- 
out repair. Metallurgical cflicicncies range between 80 and 85 per cent, so that 
approximately 23^ tons of 48 per cent chrome ore is required per ton of ferrochromium. 
The various grades of high-carbon ferrochromium carry between 66 and 70 per cent 
chromium, usually 66 to 68 per cent, with the carbon var 3 'ing between 4 and 6 per 
cent. In addition, other grades of high-carbon ferrochromium are available for special 
uses where the carbon content runs as high as 10 per cent. 

High-carbon ferrochromium is employed in the manufacture of armor plate, 
armor-piercing projectiles, gun barrels, piston rings, ball bearings, tool steels, and 
various other grades of chromium steel. 

A process for the manufacture of low-carbon ferrochromium which has been 
practiced in this country for manj’- years is a two-stage procedure. In the first stage 
chrome ore, usually fines, is mixed with quartzite, lime, and carbon to produce a 
chromium silicide low in carbon. The second step consists of adding hunpy chrome 
ore to the chromium silicide as a furnace burden whereby the chrome ore is reduced 
by the sIYickIc to produce high-grade low-carbon ferrochromium. Other methods of 
low-carbon ferrochromium manufacture include a three-stage process in which a 
high-carbon ferrochromium is produced in the first stage and used as a raw material 
in the second stage for the production of chromium silicide. The third stage is the 
dcsiliconizing process as outlined in the above. Variations of the process include the 
manufacture of a chromium silicide containing approximately 40 per cent silicon. 
Chrome ore with lime is melted in the second furnace and the molten products mixed 
in a ladle. Approximatclj^ 5000 kiy.-hr. is required per ton of chromium silicide and 
1100 kw.-hr. for melting a ton of chrome ore. Approximatelj'- 1 ton of chrome ore is 
ncccssarj’- per ton of chromium silicide, and the total power required is in the neigh- 
borhood of 6200 kw.-hr. per ton of ferrochromium. The electrode consumption ranges 
between 85 and 95 lb. per ton of ferrochromium. The chromium content of low- 
carbon ferrochromium ranges between 68 and 72 per cent with the carbon varj’ing 
between 0.06 and 0.2 per cent maximum. 

The prmcipal use for low-carbon ferrochromium is in the manufacture of 18-8 
low-carbon stainless steels of both the chromium and chromium-nickel tj-pes. The 
industries in which steels alloyed with low-carbon ferrochromium are utilized include 
the manufacture of turbine blades, cutlerj’, corrosion-resisting steels, decorative trim, 
acid-rcsistmg met.als, and electrical resistances. 

Chrom-X . — The material known to the trade as Chrom-X is generally used as a 
hidle addition in the manufacture of low-alloy steels and iron. Two grades are manu- 
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factured — higli carbon and lo^-carbon In addition to tlicir use in tlie hdlc, some 
grades can be used m the furnace or cupola The matornl consists of a misturc 
of low-grade fcrrochrommm produced bj direct reduction of low grade ores with 
carbon after which the ferrochromium is crushed and blended w ith ferrosilicon mixed 
with sodium nitrate and pressed into bnquettes wnich are heated to a temperature 
just above the melting pomt o( Bodmra nitrate llic nitrate forms a bond between 
particles and later supplies the oxjgen for oxidation of the silicon and part of the 
carbon The oxidation reactions are said to supply sutncient heat to melt the ferro- 
chromium so that objections to the use of low grade fcrrocliromium are thus elim 
mated lypical analjaca of high carbon and low larhon Clirom X arc given below 


High tarboii ( bfoin \ 

j lx»w-<arbon t hroii \ 

Cr 

4C 5% 

(r 

47 0% 

re 

20 0% 

Ic 

33 0 % 

C 

7 2% 

C 

0 02-0 06^5 

Si 

5 6% 

8) 

5 5% 

NaNO, 

n 7% 

NaNO, 

1 13 0% 


Dirtel UtducHon Process 0 / Chromtum Steel ^fanxlSaclltTe — An appreciable pro- 
portion of the stamless steel produced m the United States is manufactured b> direct 
reduction process m the electric furnace with a bunlen consisting of ebrome ore, 
stauvless steel scrap, nickel scrap, carbon steel turnings or miU scale, ferroidieon, and 
lime 

Chromtum and Stainktt SteeU — ^Therc arc literally hundreds of different typ®* 
steels containing chromium, either wither without other alloying elements, which may 
be roughly grouped into three classifications (1) low-alloy steels containing not 
more than 4 per cent chromium, (2) low alloy steels containing not more than 4 to 
11 per cent chromium, (3) chromium steels containing over 11 per cent cliromium 

The chromium steels containing 1 to 4 per cent chromium find application where 
exceptional strength, hardness, and resistance to abrosion are of benefit such as m the 
manufacture of ball and roller bearings, car axles, grmdtng balls, and small metal 
workmg tools Steel containing over 10 per cent chromium finds use m the manu 
facture of valves for internal combustion engines, still tubes, high temperature them 
ical equipment, and other uses where resistance to oxidation at high temperatures is 
present 

Stainless steels containing over 10 per cent chromium with or without 2}j to 
25 per cent nickel and other elements in minor proportions possess, as well as an 
attractive finish, great corrosion resistance at high temperatures, high strength with 
high ductility and amenability to welding, drawing, or stamping, and have adequate 
machining properties — all of which render these grades of chromium steel of such 
importance that m the manufacture of stainless steel approximately 50 per cent of the 
total fcrrochrommm production m the United States is consumed therem 

Stainless steels find use in the aircraft industry, m the manufacture of ailerons 
anchors elevators, exhaust valves, struts and other structural uses m«trument parts, 
pontoons, and oil coolers The buddmg industry in normal times consumes stamless 
steels m elevator cages, exposed trim on doors, xvuidow frames and decorations, safety 
deposit boxes, lighting fixtures, name plates, kitchen plumbing kitchen utensils and 
in many other varied uses 

The automotive mdustry uses stainless steel in the manufacture of carburetor 
parts, exhaust valves, and diesel engine liners, butterfly valves, gasolme engine pump 
parts, wnter pumps radiator trim, and xoany other item" 
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The chemical industr;*' consumes considerable quantities of stainless steel where 
corrosion conditions exist, particularly at high temperatures as in nitric acid and 
ammonia plants. The brewing, wine-making, food-packing, and canning industries 
are also users of stainless steel. Typical analysis of one type of stainless steel is 
giv'en in the following; Cr, 17.5 to 20 per cent; Ni, 8 to 10; C, 0.08 to 0.20, Mn, 1.25; 
S and P, 0.03 maximum; Si, 0.75 per cent -maximum. 

Chromium Chemicals. — The principal chromium chemicals are sodium bichromate, 
sodium chromate, potassium bichromate, potassium chromate, and chromic acid. 

The manufacture of sodium chromate, the first stage in the production of the other 
principal chromium chemicals, is carried out by roasting a mixture of pulverized 
chrome ore, soda ash, and lime in an oxidizing atmosphere in accordance with the 
following reaction, the lime serving to avoid fusion of the mix: 

2PeCr204 *1- 4Na2C03 -b — PC2O3 -b 4:Na2CrO^ -b 4CO2 


The calcine is leached with hot water and the liquor concentrated, from which 
the sodium chromate maj' be separated directly by crystallization. However, the 
solution is usuallj' treated with H2SO< and, after separation of the sodium sulphate so 
formed, is further concentrated to obtain bichromate of soda, whicli is the most 
widely used of all the chromium chemicals. 

Typical analyses of the principal chromium chemicals are given below: 

•'iodium bichromate (sodium dichromate), Na2Cr207.2H20; molecular w-eight, 
298.05. 

ANAIiXSES 



Technical ! 
crystal 

Technical 

granular 

j Technical ! 
anhydrous 

70% 

solution 

Na.Cr ^07.211-0 

100.1% 

0.05% 

0.15% 

3.8 

100.2% 

0.05% 

0.15% 

3.8 

113.4% 

0.05% 

0.18% 

4.1 

■ 

Chloride as Cl 

Sulphate as S04 

pH at 400 g. per 1 



Sodium chromate (chromate of soda anhydrous), Na2CrO<; molecular weight, 

102 . 00 . 


An.^lysis (Technical Ghadk) 


HasCrO^ 99.0% 

Cliloride as Cl 0.01% 

Sulphate as So» 0.64% 

pH at 200 g. per 1 8.7 


Potassium bichromate (potassium dichromate), K;Cr204; molecular weight, 294.21 


Axai-yses 


1 

1 

Technical 

cry.stnl 

Technical 

granular 

Technical 

powder 

K.Cr307 

99.9% 

0.05% 

0.01% 

3.7 

99.9% 

0.05% 

0.01% 

3 7 

99.9% 

Chloride as Cl 

Sulphate ns SOi . . 

U . UO /c 

pH at 100 g. perl 

\ Q 7 





Potassium chromate (cliromafe of potash), K-CrO^; molecular weight, 191.20. 
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Akalysis (TfccnNiCAi Ga*OE) 


KjCrO, 99 8 % 

Chloride as Cl 0 05% 

Sulphate as SO 4 0 10% 

pH at 200 g per 1 9 2 


Chromic acid (chromic anh}(lr>(}e)> CrO*, molecular weight, 100 01 


ANALTSI'9 



Technical flake, % 

Technical powder, % 

CrO, 

09 8 

DO S 

Sulphates as SOi 

0 10 

0 10 

InsoJubJo 1 

0 01 1 

0 01 


Uses of Chromium Chemicals — iSotfium btfhromale enjojs a great \ariet} of uses 
m a number of industries One of the principal uses of sodium bichromate is in the 
chrome tanning of leather whercbj the treatment of the hides with sodium bichromate 
provides better wearing qualities, more flcicibilit>, and greater resistance to heat 
end moisture than leathers treated by other methods Sodium bichromate >s a1'>o 
employed in the tanning of glove leathers and the preparation of furs It is used 
in the tertile industry as a mordant and also in the manufacture of djes Various 
cotton fabrics of the U S Armj Quartermaster Corps are treated with sodium 
bichromate, which is also used for the processing of leggings, tents, and aimings for 
the U S Army U S military uniforms and blankets arc Irestcd with bieliromste 
of soda, and dyes for producing khaki contain this chemical 

Sodium bichromate bears a ver> important part m the pigment industry Chrome 
oxide green manufactured from sodium bichromate is used for camouSage Bombs, 
bomb trucks, and tractors arc painted with chrome jellow Chrome orange, a basic 
lead chromate, is used as a corrosion inhibitor 

Considerable quantities of sodium bichromate are consumed m producing films 
on magnesium alloys as well as tn metal treatments, clpan«ing, pickling, red dip for 
brass, tin platmg, and galvanising 

Miscellaneous uses of sodium bichromate include the manufacture of wat and 
greases as well as various uses m the manufacture of airplanes, machine guns, and 
75-mm guns Sodium bichromate wwidel> used to inhibit corrosion mavt-eondition 
mg equipment, refngerstion briiies, air washers, coolers, condensers, automobile®, and 
diesel engine cooling sj stems 

Sodium chromate is employed where alkalme conditions are required It is 
used in refrigeration and automobile cooling systems as a protection against corrosion, 
and m the manufacture of pigments, textile finishes, photography, and the manu- 
facture of dyes Hocket grenades and tracer bullets also contam this chemical 
Wood preservatives that are used for treatmg wood to be painted also contam sodium 
chromate 

Potassium bichromate may be substituted for sodium bichromate wherever the 
presence of potassium is preferred to sodnun It 13 the source of chrome in the manu 
Jacture of the double salt known as sine chromate which is being widely used as a 
pnmmg coat and protection against corrosioa on steel surfaces exposed to the weather, 
includmg ships and steel structures 

hliscehaneous uses of potassium bichromate include photographic chenuPab, 
manufacture of blue prmt paper, brake luungs, aluminum rivets, refining of tungsten 
and in specialized teirtile and leather limshea mfluHing glazed kid and ceramic colors 
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Potassium chromate replaces sodium chromate where conditions require an anhy- 
drous nonhygroscopic alkaline compound or the absence of sodium, particularly in 
medicinal and proprietary preparations. It is used in the manufacture of inks, and 
as a chemical reagent, and in the manufacture of certain ceramic and glass colors 
owing to its ability to distribute more evenly than neutral chromate of soda. Potas- 
sium chromate is also used in the manufacture of flux and metal-coating compounds 
including welding electrodes. 

Ammonium bichromate has a place in photography, lithography, pyrotechnics, and 
the manufacture of certain oxidation and reduction catalysts. 

Chromic acid is consumed principally in chromium plating and anodizing of 
aluminum and aluminum alloys, particularly in the aircraft industry. It is also 
used in the treatment of metal surfaces including etching, coloring, decorating, and as 
a protection against corrosion. 

The mechanism of anodizing aluminum is a reverse process to that of electroplate 
ing, since contrary to the deposit occurring on the cathode, as in the case of electro- 
plating, the film is formed at the anode and progressive oxidation of the base metal 
takes place beneath the anodic film, growing inward so that the last portion to be 
formed is ne.xt to the metal while the oldest part of the film is on the surface. This 
film is almost pure amorphous alumina. 

Chromic acid anodizing is generally carried out in steel tanks containing chromic 
acid solution of 5 to 10 per cent concentration. Heating and cooling coils are pro- 
•I'ided to maintain the temperature of the bath at 95°F. plus or minus 5°. The portion 
to be treated is cleaned in a suitable alkaline detergent or solvent degreaser before 
introduction into the anodizing tank. These parts serve as the anode and the tank 
as the cathode. A low-voltage direct current is applied at the start, being gradually 
increased to 40 volts as rapidly as possible. After reaching 40 volts, the anodizing 
is continued for 30 min., followed by a dip in hot water, after which the parts are dried. 

The film has excellent corrosion resistance and at the same time promotes a .strong 
bond for zinc chromate primer. Aluminum anodized bj’’ the chromic acid process 
may be dyed with a variety of colored finishes[3]. Since chromic acid is itself an 
inhibitor, it is unnecessary to remove entrapped acid in preparation of priming. As a 
result, the chromic-acid anodizing process is the onlj' process that maybe used without 
restriction for all airplane parts made from alloys containing not more than 5 per cent 
copper, and considerable quantities of chromic acid are consumed for this purpose. 

Chromium Plating. — According to Dubpcrnell[10], R. Bunscn[ll] has often been 
credited with the electrodeposition of chromium in 1854, with the possibility that 
Junotll21 may have been successful as early as 1848. Many other prominent scien- 
tists worked on this problem, but none was commercially successful in the author’s 
opinion until 1924 when Fink[13] developed and patented a practical method for 
chromium plating on a commercial basis. A chromium-plating industry soon devel- 
oped using increasing amoimts of chromic acid which amounted to a consumption of 
9,000,000 lb. in 1937. 

Chromium plating may be divided into two general classifications: decorative and 
industrial, or hard, chromium plating. 

Chromium plate in thin coatings finds widespread use as automobile trim, for 
jewelry, metal furniture, and other similar uses where its attractive blue-white color 
and resistance to wear and corrosion are advantages. 

Thin chromium deposits are inclined to have pmpoint porosity. For this reason, 
in decorative chromium plating, the chromium is deposited on an underlying coating 
of cither nickel or nickel and copper. This tj-pe of plating is usually carried out at 
tcmpor.iturcs of 90 to 110°F. Tlie thickness of the chromium plating for decorative 
purpo.ses is usually between 0.00001 and 0.00002 in. Thicker deposits under the usual 
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conditions for decorative plating develop strains sufficient to start hair-line cracks 
unless special precautions are taken T^ker dqjosits of chromiuin with little or no 
crackmg maj be obtained at 115 to I40®F if the current density is in the lower part 
of the current-density range for the conditions cbosen[14I These higher tempera 
tures are also selected for greater speed m plating m industrial applications 

Thick coatings of chromium platmg, for convenience termed hard chromium 
plating or industnal platmg have found important places in many industries orn 
machine parts are plated to resize them, and small tools and gauges are plated to 
increase their life and wear resistance Chromium-plated surfaces have an exception- 
ally low coefficient of friction This characteristic is used to advantage in the chrom- 
ium plating of reciprocatmg parts such as pump rods, where the resistance of industrial 
chromium platmg to corrosion is of additional benefit 

Diesel engine cylinders are chromium plated to reduce wear and fricbon and to 
protect them against corrosion Gun barrels are chromium-plated to ensure accuracj 
o%er long jieiiods of use There are many other and varied uses wherein the hardness, 
corrosion resistance, and low coefficient of friction of hard chromium platmg have been 
made use of 

The platmg thickness is considerably greater than in the case of decorative plating, 
and where high resistance to corrosion is sought, relatively thick deposits of at least 
several thousandths of an inch arc requiredllO) 

Hard plating is usually applied to a hard basis metal such as hardened steel the 
surface of which has been treated by electroljtic etching m order to assure a high 
adherence of the plating to the basis metal 

The souTco of chromium m the electroplating solution is chromic acid (chromic 
anhydride CrOi) which is manufactured in the form of dark red flakes or powder 
with a specific gravity of 2 70, a tj-pical analysis of which is seen on page 562 
The platmg solution according to the mventioos of Dr C G Fink consists of 
chromic acid to which a catalyst acid radical has been added, usually sulphate or 
fluorides in an amount so as to maintam the ratio (by weight) of chromic arid to the 
total catalyst acid radical as expressed as sulphate at about 100 1 Sulphuric acid 
and sodium sulphate are widely used for this purpose 

The current efficiency in chromium plating baths usually ranges between 10 and 
13 per cent for bright plate, but owing to the relativelj high current densities (100 
amp persq ft and more) a rapid rate of deposition is obtained Anodes are usually 
of lead or lead alloys, and plating tanks are usually acidproof brick or lead lined 
Two methods of preparing the surface lor decorative platmg are m use wet 
cleaning and dry cleaning The former consists of an alkaline cleanmg operation 
followed bj a water rmse and an acid dip Dry cleaning mvolvcs mechanical treat 
ment of the surface to be plated and is done either by buff wheel or by hand The 
baths contam 2o0 to 400 g per 1 of CrOj, 2 5 to 4 g of sulphuric acid 
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THE METALLURGY OF MANGANESE 

Bt Ernest A Hersam* 

Divisions of Metallurgy of Manganese — ^The metallurgy of manganese becomes 
important under three separate interests of mdustry Of these, the manufacture of 
manganese steel 13 perhaps first, being conducted on the largest scale and requiring 
much of the manganese ore that is mined and which is smelted to reduce both man 
ganesB and iron The second branch of the metaUurgy is the concentration of the 
native manganese oxides and other minerals of manganese for use in the arts or 
further metallurgical manufacture, the enriched oxide being commonly useful as a 
coloring agent in the ceramic mdustry, as an agent to discharge the color imparted bj 
iron m glassmalung, as a depolanzmg agent m the manufacture ol Lecfanchfe and dry 
batteries, and for a wide variety of other but less important purposes The third 
important use for manganese ore is m the preparation of chemical compounds that 
are of important service in medicine, m the production of electrolytic inangane«e, 
aamtatioQ, manufacture, and other vaned interests TTie producer of manganese ore 
la compelled to follow all these dvvisiona of the metallurgy to secure the proper mariet- 
iRg of his product 

Of the three divisions of the metallurgy, the first leads to the details of iron and 
steel manufacture, and is to be considered as a phase of the metallurgy of iron The 
second, or ore dressing of manganese, which is the mechanical treatment of the ore, » 
identical with the mechanical enrichment of many ores other than manganese In 
tins division, crushing, sizing, and concentrating arc adapted commonly to man 
ganeao oxides, which are of moderately high density, and m some cases of considerable 
magnetic permeability Ore dressing is powerless to Bcparate minerals beyond the 
state of natural punty in which the aggregates occur in nature ^ hen, therefore, 
manganese minerals are intimately associated with earthy minerals, or with oxides 
of iron, infiltrated silica, or the carbonates of calcium or magnesium, no phj s cal sepx 
ration m the solid state is expected to render a satisfactory concentration possible 
Since this condition is a common one in the ore of this metal hand sorting often u 
found to be the only treatment that is justified The chemical treatment of the ore 
to punfy the mineral or extract and deposit the manganese m chemical forms that 
can be employed m manufacture and t^e leads to complex chemical relationships 
These have to be understood in a broad way to master or to conduct practically the 
chemical treatment The metallurgy of manganese, therefore, partly falls under 
this division 

The Commercial Production of Metal — ^The commercial production of metallic 
manganese from the ore requires reducing smelting or electrolytic deposition The 
reduction of the oxide to metal occurs at a roasting temperature without fusion, 
but the melting to produce metal of form suitable for most use demands costly 
smelting furnaces and presents difficulties exceeding the common ones of smelting 
The manganese, upon smeltmg, is found highly volatile at the required tempera- 
ture A loss of 15 per cent from this cause is common experience The manganose 
oxide, moreover, inclines to enter the slag 

1 Profesior of MetiUursy University of California Berkeley Calif 
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It becomes necessary, therefore, to smelt the ore at a high temperature, maintain- 
ing a strong reducing action throughout the operation, if smelting is carried on in the 
blast furnace. Such reduction results in the reduction also of all the iron, which 
collects in the metallic product. Thus, though a high content of manganese may be 
desired, an alloy of manganese with iron is obtained. Silicon, also, becomes reduced 
along with manganese in smelting, the amount depending upon the amount present 
and upon the character of the slag. Carbon, moreover, is inseparable from the prod- 
uct under the reducing conditions, and is present in the metal to the extent of 5 to 
6 per cent. For these reasons it is not possible to smelt lean manganese ores with 
economy, nor, in fact, owing to the almost universal presence of iron and silica with 
manganese in ores, is it possible to produce pure manganese by commercial smelting. 
The best that can be done commercially is to produce a high-grade ferromanganese 
by the smelting. In smelting iron ore containing manganese to produce pig iron of 3 
to 4 per cent manganese, the large amount of slag commonly occasions a heavy loss, 
carrj'ing 3 per cent or more of manganese. Tliis loss, together with the volatilization, 
makes it necessary to use ore of not less than some 9 per cent manganese to secure the 
recovery of this small amount of manganese in the product if desired. The produc- 
tion of a tolerably high-grade manganese product can thus be accomplished only 
by employing high-grade manganese ore and making provision in that case for receiv- 
ing in the metallic product the entire iron content of the ore, which must then be held 
low. These conditions thus render it nccessar 5 ’' to enrich the manganese minerals 
by hand sorting, or other ore-dressing methods if possible, before smelting. This is 
often a most unsatisfactory process, owing to the close association of the manganese 
minerals with barren and harmful minerals, limiting the commercial practice to ore 
of high grade. Electrolytic treatment will be discussed later. 

Mechanical Enrichment. — An important part of the demand for manganese 
material is for the oxide or peroxide. From these oxides numerous refined chemi- 
cal compounds of a varied nature are manufactured. In the supply of the oxides 
or chemical compounds the manganese may be recovered from the ore by chemical 
extraction and converted into the required forms b 5 ’' subsequent manufacture. For 
the purpose of chemical extraction a low-grade ore is sometimes used, but wherever 
mechanical enrichment directly permits of producing the desired final material, as, 
for example, manganese dioxide, the ore-dressing methods are greatly preferred. 
Often the manganese mineral is so closely associated with insoluble silicates as to 
render it practically impossible to recover it, either by ore dressing or by the processes 
of chemical extraction. Sometimes it is harmfully associated with alkaline-earth 
minerals which are soluble in the solvents for manganese. Even thus, when chemical 
extraction may be contemplated, mechanical enrichment as a preliminary step may be 
desirable. 

In many cases, moreover, ore dressing may fail to produce concentrate suited 
to chemical extraction. Ore dressing, therefore, may be preliminary to (1) smelt- 
ing to produce ferromanganese, spiegcl iron, or low-manganese pig iron ; (2) lixiviation 
to produce manganese oxides or other compounds; and (3) the preparation of various 
rough coloring ingredients for use in the manufacture of construction materials, or 
component for fertilizer or other uses. For ail these purposes the principles of graxdty 
concentration and magnetic concentration are applied. 

The Minerals of Manganese. — The most valued minerals of manganese are 
the dioxides, of which pyrolusile, iMnOi, is the most important. It is a soft bluish- 
black or grajush-black mineral, 4.8 in density, containing combined water not exceed- 
ing generally 2 per cent, and containing, often, hydrous silica in combination or 
intimate association. Poliauitc is the anhydrous variety of this mineral, 5.0 in density, 
crystalline, and much harder. Psilomelane, corresponding also to the formula MnO,, 
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13 a grayish black mineral, lustrous, massive, and hard, of 3 7 to 4 7 in density It 
contains often much combined water, variable m amount, and usually also barium 
oxide, or potassium oxide, and aometancs the oxides of calcnim or magnesium 
11 ad 13 the soft hydrous variety of the dioxide mineral Asbohte and lampadite, and 
other minerals containing the dioxide of manganese, combined uith oxides of other 
base metals, are known but are uncommon Hausmannite, MnOj 2MnO, of lower 
oxygen content than the above minerals, i3 a firm brownish black mineral, 5 0 in 
density Mangamle, MnOiMnOH»0, is & gray TOmcral, somewhat softer, and 

4 2 to 4 4 m density /’ranfefinite, (Fe, Kfn, Zn)0 (Fe, Mn)iOj, is hard, black, and 

5 07 to 5 22 in density RhodoatroaiU, MnCOj, is the carbonate, pink in color, and 
3 45 to 3 60 in density Combined with iron or calcium carbonate, and sometimes 
with magnesium or cobalt carbonates, the mineral is given the name ohgonite Khodo- 
Tule MnO SiOj, lathesilitatc, the manganese component of which sometimes is partly 
replaced by iron, calcium, or smc, and which is reddish m color and 3 4 to 3 68 m 
density Erannile, 3MnjOi MnSiOi, of brownish black color and submetallic in 
luster, IS 4 7 to 4 8 in density Other silicates of manganese m combination with the 
silicates of the base metals are known but are rare The sulphates and other native 
salts of manganese occur in nature but do not constitute workmg ores 

Manganese Metal and Compounds — Manganese is notable for the diversity 
of Its chemical forms Varying in its state of oxidation from a bivalent element to 
a heptaialent one, it ranges from a basii>combiDing clement at the one extreme 
to a highly acid one at the other, entering m its highly oxidized state into numer 
ous acid forms or radicals In its lower state of oxidation it resembles magnesium 
and ferrous iron Somewhat more highly* oxidized, >t resembles alummum and 
feme iron Still more highly oxidized it acquires characteristics resembimg tita 
mum and sulphur Fmally, m the most highly oxidized forms, it resembles chio* 
rine and other halogens In its mineral state, and in its metallio comportmentt it 
perhaps most resembles iron The approximate similarity of its atomic u eight, 
which IS 55, with that of iron, which is 55 9, leads often to regarding the element 
as an equivalent in slags The high native oxides, however, acquire a stable stage 
which iron does not attam Many of the compounds of lower oxidation arc stnkmgly 
similar to those of iron In many cases these are isomorphous with those of iron, being 
inseparable by crystallization 

Metallic Manganese — Manganese is a reddish gray brilliant metal melting at 
1230°C and is harder and somewhat heavier than iron It alloys with numerous 
metals and combines as iron does with carbon, but mth greater avidity It is attacked 
by acids w ith much greater energy than iron, and is dissolved rapidly by aU ordinary 
dilute acids inclusive of acetic acid, evolving hydrogen copiously and producing 
manganous salts It is oxidized by carbon monoxide above 330°C , and its affinity 
for sulphur and for oxygen at high temperatures is utihzed in the metallurgy of iron 
for the deoxidation and desulphurization of that metal The stability of the simple 
oxide renders it impossible to reduce and smelt the metal apart from metaUic impuri 
ties, if present, and the affinity for carbon and metalloids at high temperatures 
renders it difficult to produce the metal by any pyrometallurgical means without 
contammation 

Manganese occurs m the allotropic forms as governed by temperature m heal" 
treatment From the ordmary temperature of the air up to approximately 742°C 
It is m the alpha form, and from 742 to 1191*C in the beta form In both of these 
phases the structure is cubic 'Withm the beta range at a temperature between 

1067 and IIST^C isfoundadiscontmuitymmagneticsusceptibiUtyindicatingchanges 

not evident in the crystalline structure Above the beta and at some temperature 
above 1191®C the metal acquires the gamma form m which the structure is tetragonal 
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These changes in phase become of great importance in the production and tempering 
of manganese steel. 

lilxcept for electrolysis, for producing the highly pure metal, the process of Gold- 
schmidt, consisting of reduction by aluminum, best serves. For this reduction, a 
purified manganomanganic oxide' is used as the source of the manganese, the aluminum 
powder being incorporated with oxide and raised in temperature to effect the reaction, 
sufficient aluminum being employed to produce sesquioxide of aluminum from the 
total oxygen content of the purified manganese oxide. Some 90 per cent of the metal 
may be so recovered without difficulty in a product of 96 per cent manganese free 
from carbon. Silicon, iron, and aluminum are the impurities of metal so produced, 
great difficulty being found in removing the final traces of these metals. Although 
chemically pure manganese may be produced under controlled electrolytic treatment 
from sulphates, chlorides, and other chosen electrolytes, the collection and fusion 
of the metal requires the extreme of attention to protect it from contamination with 
contacting elements of its environment. 

Numerous processes are in existence for the production of metallic manganese of 
tolerable purity freed from much of the combined impurit 3 ’’ with which the ore is 
gcnerallj' associated. By the process of J. Y. Jones' manganese ore containing iron 
is finclj' ground, mixed with coal, and calcined at about 1090°C. with air excluded, 
to reduce the iron. The iron is removed, and the coked product is smelted to produce 
metallic manganese of grade according with the extent of the preliminary separation 
of the iron. Sternberg and Dcutsch, as early as 1893,^ produced metallic manganese 
by igniting the oxide of manganese when combined with alkaline-earth oxide at a 
temperature ranging from 1000 to 1200°C. in the presence of carbon. Other metals, 
such as moli’'bdcnum, tungsten, and titanium, were also included in the patent. 
Greene and Wahl, in 1895, prepared manganese, free from iron, by leaching the ore 
with dilute sulphuric acid to remove iron, leaving the dioxide of manganese unat- 
tached. The purified material was then ignited to produce Mn 30 <, followed by the 
application of volatile hj^drocarbons in the treatment and a final reducing treatment 
with aluminum and magnesium in crucibles. 

Ferrous Alloys. — Ferromanganese is the common commercial form of metallic 
manganese. In this allo 3 ’’ some 78 to 82 per cent manganese is present together 
with about 5 to 7 per cent carbon, and gencrall 3 '’ 0.5 to 1.0 per cent silicon with less 
than 0.03 per cent sulphur or phosphorus, the remainder being mostl 3 ’ iron. Humbert 
decarbonizes ferromanganese* b 3 ’' heating to a temperature above 1700°C. in contact 
with manganese oxide, in an electric furnace, reducing the carbon content thus to 
less than 1 per cent. Spiegel iron produced b 3 '' blast-furnace smelting commonl 3 ' 
contains 18 to 22 per cent manganese and 5 to 6 per cent carbon together with approxi- 
mately 1 per cent silicon and small amounts of sulphur and phosphorus, the remainder 
being mostly iron. A lower-grade manganese product with iron is also produced by 
smelting iron ore when insufficient manganese is present to produce spiegcl iron. 
In the production of metal of this t 3 "pe the tendency of the manganese to enter the 
slag, and the required maintenance of special smelting conditions to effect the recov- 
ery of the manganese, introduce costs that commonly detract from the economy of 
recovering this small proportion of manganese along with the preponderance of iron 
that also must bo reduced. A German process effects a partial separation of man- 
ganese from iron occurring in ores, by reducing the mineral under dclicatel 3 ' controlled 
conditions so as to produce metal from the iron o.xide, leaving the manganese oxide 
unreduced. The reduced material is then smelted under conditions calculated to 


' U. S. patents I2SS422 and _1289799. 
5 Enclish patent 13177, 

* U. S. patent 122S92:.. 
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leave the slate of oxidation unchanged, recovering the iron as metal, and the man- 
ganese as a neb slag suitable for the production of ferromanganese 

Nonferrous Alloys — Manganese, which appears as an important component of 
numerous ferroalloys, is a less common component of nonferrous alloys The mah- 
ganese-gold alloy is brittle and gray in color, becommg yellow with gold exceeding 
some 90 per cent and forgeable at this higher percentage of gold The composition 
of manganm, a useful alloy, calls for 12 per cent manganese, 4 per cent mckel, and 
84 per cent copper To the extent of some 2 8 per cent in brass, manganese effects 
a marked increase m the hardness and tensile strength The mtroduction into 
bronze has been effected by various means as, for example, by alloying the ferro- 
manganese with phosphorus and copper, and introducmg this richer alloy into the 
mixture of the other metals Manganese is made to alloy in smaU amount with 
copper and lead by adding the oxide with cryolite together with a reducing agent 
to the other metals m the molten stale llTien accompanymg copper in commercially 
pure iron manganese increases the effect of the copper, which m proper amount 
decreases the susceptibility to corrosion and decreases the red-shortness of the metal 
that IS occasioned by the influence of the copper alone In alloy with copper alone 
It imparts useful properties which are becommg lietter known and utilized Wth 
5 per cent of copper, or more, the quenched metal is malleable, and with 15 per cent, 
ductile, after quenchmg at 600°C With 70 per cent copper the cold rolled meta! 
develops a tensile strength of 120,000 lb per sq in In these alloys of varied pro- 
portions and generally of higher manganese there is a marked vibration-daioping 
characteiiBtie with influence upon magnetic euseeptibility varying with the composv- 
tion and heat-treatment Alloys approximatmg 25 per cent manganese with 20 per 
cent chromium, the remamder being iron, are strong stainless metals adsptable to 
hardening and cold working 

Manganese imparts very desirable quahties to magnesium alloys Ihemanganese 
18 best introduced into them by the use of fluxes contammg manganese chloride, the 
manganese being reduced from the flux by the molten magnesium Iron is prac- 
tically insoluble m magnesium manganese alloj s, and this fact is made use of m order 
to precipitate the iron out of magnesium 

Divalent Manganese Compounds — Divalent manganese imparts a usual reddish 
cast to substances containing it It is to be regarded perhaps as the most stable 
form HI which manganese enters chemical compounds The divalent manganous 
salts, for example, are distinguished from ferrous salts by not being susceptible to 
oxidization m acid solution by the action of the air when present Manganovt 
hydroxide, MnHjOj, is a pink precipitate produced by addmg alkali to solutions of 
manganous salts It is insoluble in an excess of the alkali, but dissolves in ammonia 
changing when thus alkslme, as it would do when neutral to the brown mangamc 
hydroxide by exposure to the air Manganous hydroxide precipitated bj ammonia 
m the presence of cyanuric acid develops unstable colorless crystals of a high polarizing 
power serving for microcbemical recognition Manganous oxide, MnO, is a greenish 
substance, obtained by calcinmg the carbonate or by precipitation from heated 
solutions of manganous salts It may be obtained by the reduction of the higher 
oxides, but is with difficulty obtained free from other oxides Manganous snlphoJe 
MnSOi, crj staUizes with 7 molecules of water, and is analogous to ferrous sulphate 
It also crystalhzes with 5 molecules of water, being then analogous to copper sul- 
phate It crystalhzes, moreover, with 4 molecules in characteristic reddish crystals 
It yields monoclmic double salts with HlVnlin,. sulphates, of such compositioa as 
KjSOi MnSO, 6H,0 

In 1894, A R Davis provided for the ^traction of manganese in the form of 
sulphate from the oxide ore by means of ferrous sulphate, producing commercially 
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manganous sulphate by evaporation. By the process of C. Ellis basic manganese is 
converted to the sulphate by treatment with acid sodium sulphate. The formation 
of manganous sulphate in solution, from which the dio.\ide may be produced, is 
usually the first step in the treatment of the ores by hydrometallurgical e-v-traction. 
This appears under Production of Manganese Dioxide from Ores, page 573. Man- 
ganous dilhionate, MnSjOe, is formed by the aetion of sulphurous acid upon manganese 
dioxide in the cold. It is soluble in water and convertible into sulphate by oxidation. 
Manganous carbonate, MnCOj, is a reddish precipitate when formed by the addition of 
alkaline carbonates to manganous salts. It is less susceptible to oxidation than the 
hydrate. Manganous sulphide, MnS, forms as a flesh-colored gelatinous precipitate 
from alkaline solutions by the action of alkaline sulphides. Precipitation from mod- 
erately strong hot solutions sometimes gives the precipitate the form of a greenish-graj' 
powder. The sulphide is v ery readily attacked by the oxygen of the atmosphere or 
by any ordinary weak acid, yielding hydrogen sulphide and the manganous salt of 
the acid. Manganese borate is precipitated from manganous solutions by borax. As 
commonly prepared, it is in the form of a brownish powder. It possesses valued cata- 
lytic properties, notable use for which is in the acceleration of the drying of vegetable 
oils, which is a process of oxidation. It thus becomes an important component of 
commercial driers required in the paint and varnish industry, in which application it 
acts catalytically. Manganese resinate and manganese linolcate arc also similarly 
serviceable in this use. In preparing the resinate, a rosin soap is first made by boiling 
rosin in caustic soda, which is then poured into manganous sulphate solution, produc- 
ing a flesh-colored precipitate, which is the resinate. This is filtered, washed, and 
dried, being then soluble in hot linseed oil or in any one of a variety of organic solvents, 
such as chloroform. It is capable of being melted, and when cooled forms a brown 
mass that may be broken into lumps of similar solubility and suitable for handling. 
Four pounds of this material in 10 gal. of linseed oil give a quick-drying oil, leaving a 
glossy coat, or, when less is used, a pale drying oil. The linoleate is produced by boil- 
ing linseed oil with caustic alkali. This soap is then added to manganous sulphate or 
chloride, producing a brown mass which is subject to oxidation and which is readily 
soluble in hot linseed oil. One part of this linolcate mixed with five of linseed oil 
and poured hot into 10 gal. of oil at 250'’C. produces a desirable drying oil. 

Manganic Compounds. — The manganic compounds are much less basic in action 
than the manganous. In acid solution, the salt tends to become reduced to the 
manganous state. While in acid solution salts remaining unreduced are subject 
to marked hydrolysis, which results in the separation of manganic hydroxide, MnOjHj, 
from solutions approaching the neutral salts. The manganic hydroxide may be 
made rcadib' to part with its combined water, forming a partly dehydrated hydroxide, 
manganite, MnO.OH, or the anhydride, Mn;Oj, both of wliich occur in nature as 
minerals, whereas the hydroxide does not. 

The preparation of pure manganic sulphate, iVrn 2 (S 04 )j, or the chloride, MnCU, is 
rendered difficult by the tendency of the salt to hydrolyze, making it necessary, in 
preparing the sulphate, for example, from the oxide, to employ strong acid in the 
reaction, and rendering it difficult to remove the foreign salts from the paste of 
suliihate except by means of nitric acid. Manganic chloride also forms in strong solu- 
tion, but is unstable when deprived of the c.xcess of strong acid. The ^uon'dc and the 
phosphate of manganese, in this state of oxidation, are red and -vdolct in color and 
hydrolyze much less readily than do the other salts. These salts form double com- 
pounds with the alkalies, producing striking crystalline aggregates, 

Tetravalent Manganese Compounds. — The perhydroxide of manganese, Mn 04 H 4 , 
is produced by the action of strong oxidizing agents on the alkaline or neutral hydrox- 
ide. For the purpose, chlorine, bromine, or hj-pochloritc may be used. It is a 
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dark brown substance, amorphous, and reasily converted into a colloidal state In 
this state of oxidation manganese formerly wag employed extensively m the produc 
tion of chlorine 

Thus when the perhydroxide is treated with strong cold hydrochloric acid, it 
dissolves, giving a dark-green manganic perchlorid^, MnCl* This salt hydrolyzes 
when diluted, producing again the perhydroiide, pr decomposing into chlonne and 
manganous chloride upon warming The perhydroxide, subjected to moderate 
dehydration without the presence of reducmg agent?) produces the partly dehydrated 
perhydroxide, MnO(OH)i, which becomes peroxide on further dehydration In 
producmg chlorme from these compounds, a dioxide of manganese is treated with 
hydrochloric acid to produce the tetrachloride, which, upon elevated temperature, 
liberates Clj and becomes manganous chloride, Mndi The famous \\ eldon process 
consists in rendering this manganous chloride alkabue, with an excess of lime in the 
presence of the excess of lime it becomes oxidized I® calcium manganate CaMnOj 
known as eldon mud,’ containing the manganese again in the tetravalent state 
suitable for further acidification with hydrochlone &cid and the further generation of 
chlorine 

The peroxide oj manganese, or dioxide, MnOi, is unstable at elevated temperature 
and yields its oxygen to compounds capable of receiving it at that temperature Thus 
in the manufacture of glass, the peroxide discharges the green color of ferrous sihcstes 
by producing the less highly colored feme silicate Its presence assures a high 
state of oxidation of iron in ceramic material, impafting a brown or a violet color by 
the direct coloring action of the manganese oxide ilseJf m silicate or other combmations 
As a decolonzer for glass, manganese material of 80 to S5 per cent dioxide is commonly 
wanted, containing less than 1 per cent iron Such material is used m g]a«s to the 
extent of some 4 to 30 lb to the ton of sand, in many processes of manufacture While 
a siliceous ore is permissible for apphcation to this purpose, the presence of carbonates 
IS objectionable For making glass in pits, powdered ore is used, while the ore m 
lump form may be used in some cases for mdting larger masses The dioxide is used 
direct as a drier for linseed and other drying oils u> amount generally not exceeding 
0 5 per cent In this form it meets with the objection that it darkens the oil, to o 
greater extent than the sulphate, borate, oxalate, resmate, or linoleatc As a djeing 
material for cotton the chloride is used, m many cases, as it imparts a brown color to 
the cotton fiber Much manganese dioxide is consutn®d m the manufacture of maogs 
nates, chiefly in the production of the permanganates The dioxide is reported to be 
converted mto a colloidal form by adding concentrated ammonia to 0 bN potassiuio 
permanganate solution until the color becomes deep brown, resultmg in a solution 
that remains stable m the presence of alcohol of any density 

Manganese Bioxide as s Depolarizer — ^The peroxide of manganese as depo- 
latiier for the manufacture of galvasie edb 13 of great importance The physical 
form of the peroxide influences the effectiveness m a marked way, and the presence 
of soluble metallic impurity is of great mjury The largest consumption of man 
ganese dioxide, outside that of iron manufacture, 13 to make use of this action m the 
manufacture of dry cells and other galvanic battery elements In this use the 
available oxygen, m excess of that required to constitute manganous oxide, governs 
the effectiveness and value Freedom from metals that are electronegative to ivnc 
such as copper, nickel, cobalt, and arsenic, is especially important, copper being most 
objectionable Such metals cause local corrosion on the zme of the cell 

Caucasian pyrolusite of some 85 per cent manganese dioxide containing less than 
per cent iron is commonly desired, yet ore of 70 to gO per cent dioxide and 3 to 4 per 
cent iron is often used when suitable m other resp<2Cts Moderate hardness and * 
certam slight degree of porosity of the mineral are desired, even at the sacrifice of the 
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highest oxygen content. Sized, crushed material is emploj'ed which is commonly 
finer than 10 to 20 mesh. In the Leclanch6 cell, a depolarizing mixture of manganese 
dioxide with graphite is often used. The artificial dioxide free from acid and contain- 
ing occluded moisture ma 5 ’ be used with a low proportion of graphite. 

A hydrated dioxide of manganese for depolarizing purposes may be prepared 
by the o.xidation of dilute acid solutions of sulphates or chlorides, or by the treatment 
of the oxide with water, glycerol, and acid. In the process of A. A. Wells, dioxide for 
battery purposes is prepared by converting the oxide ore into carbide, treating in water 
to produce manganous hydroxide, and roasting in an oxidizing atmosphere containing 
steam. By the subsequent process of Ellis and Wells, dioxide, suited to the purpose, 
is made by permitting a h 3 ’pochlorite to act on a slightlj' acid solution of manganous 
salt at about 100°C. A dioxide that gives a dead-black streak and is suitable as 
a depolarizer is produced under the process of Ellis,’ bj’' exposing manganous sulphate 
solution, containing not more than 10 per cent free acid, at a temperature near the 
boiling, to the action of chlorine. The precipitate is recovered and washed free from 
contaminating salts. The depolarizing material of batteries has been regenerated, 
bj' crushing the material, extracting the soluble salts bj’ means of ammonium chloride, 
solution, and reoxidizing the residue by treatment under pressure with hypochlorous 
acid or its salts, or bj’ chloric acid. 

In electrol.vsis, manganese salts incline to throw out the dioxide at the anode. 
This deposition ensues as a result of the hj'drolyzation of the tetravalent manganese 
ion with a relatively complete breaking down of the hydroxide to the dioxide at the 
anode surface. The nature and the state of the cathode material influences the 
required o.m.f. in practical operation, which will be higher than 1.35 volts, the poten- 
tial gradient between the dioxide and the manganous ion. In sulphate solutions, at 
the ordinar.v temperature of the air, deposition of the dioxide commonly occurs under 
an e.m.f. of approximatclj' 2, the current efficiencj’ decreasing with increasing acidity. 
At 70 to 75®C. practicallj' 100 per cent current efficiencj' is secured. The decline of 
efficicnej' with increasing acidity does not prevail at this temperature as in the cold, 
thus permitting of the einplojunent of 20 per cent acidity in extreme requirements. 

Production of Manganese Dioxide from Ores. — The manufacture of manga- 
nese dioxide from ores consists in the extraction of the metal as a salt, held in solution 
at a low state of oxidation, and its release as dioxdde bj' the agenej^ of an oxidizing 
process. There are numerous processes of tliis tj-pe capable of operation with high 
efficiencj' and chemical completeness. These, however, are brought into competition 
with production from a varied supply of the native peroxide ore of a quality to permit 
the recovorj' bj- mechanical concentration of pure dioxide mineral for industrial use. 
Some of these chemical processes have long been known. Others have been stimu- 
lated by relativelj' modern interests and possibilities. 

An early and important use, that has continued to be made, of the production of 
mangimese peroxide is in the regeneration of calcium manganate, which maj' be 
regarded as a combination of the peroxide of manganese with calcium oxide. TTris 
appears in a stop of the Weldon process, which at an earlj’ time was the onlj' prac- 
ticable proee.ss of cheaply manufacturing chlorine, alreadj' described. The Herren- 
schmidt and Constable process consisted in applying ferrous sulphate at the ordiuarj' 
air temperatures to manganese ore for the extraction of the metal in the form of 
manganous sulphate, recovering also cobalt in a similar form, if present, and leaving 
the iron in the state of ferric oxide asa residuum in the vat, thus obtaining a manganese 
solution for such precipitation as is desired. In 1SS4, Headman secured an English 
patent for impregnating ore with a solution of ferrous chloride, heating in a suitable 
furnace to decompose the chloride, and forming the chlorides of manganese as well 

^ U. S. patent 112S9707. 
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as mckel and cobalt, if present, relativelj free from iron for the precipitation of 
dicnude 

The German patent of ^.ithack, issued m 18S4, pronded for spraymg the dissolved 
chlondea extracted from ore upon hot mclmed plates of fire clay in the presence of 
atmospheric ovj gen, causmg the release of hydrochloric acid and the production of an 
oxide of manganese of a lov er state of oxidation than the dioxide In ISSI an English 
patent was granted Herrenschmidt to use ferrous chloride solution as a solvent to 
extract manganese and nickel and cobalt, if present, from the finely pulverized ore, 
followed by the precipitation of the nickel and cobalt upon manganese sulphide, or 
hydrated manganese oxide, and recovery of the manganese sulphate by evaporation, 
or the oxide and hydrochloric acid bj cakination Further improvements of the 
Herrenschmidt and Constable process, in 18So, consisted in boding the fine manganese 
or cobalt ore with ferrous sulphate followed by decantation and oxidation of the 
sulphate 

The Dunlop process consisted in calcinmg the native or artificial carbonate of 
manganese to produce oxide of manganese, attempting a high state of oxidation by the 
takinmgot roasting action, elevating the lempetature to300to400®C , and maintain 
mg oxidation for 36 hr m a special furnace m which the material was supported in 
small wagons with provision for theif propulsion M A Reychler shortened the 
duration of the roaatmg of the Dunlop process to approximately 1 hr , showing that 
SO per cent dioxide could be obtained under the conditions To destroy residual 
carbonate more effectively, Reychler moistened the manganese oxide ore with dJuto 
nitric acid, allowing it to dry before calcining, whereby, at 125 to 260”C , nitrous 
fumes escape, accounting for some 10 per cent of the total mtne acid, and manganeae 
dioxide ol at least 91)^ per cent purit> is obtained 

By the Kuhlmsn process, mtric acid is appbed in the calcining of the native oxide 
or carbonate, sufficient acid being used to convert all manganese to the form of mtrate 
before calcmation Campbell and Boyd in 1893 produced manganous carbonate, 
suitable for the Dunlop process, from waste sulphate hquors by precipitating with 
sodium carbonate solution, following by washing and drying In the same year 
Albright and Hood used coal dust m conjunction with sulphuric acid in calcining 
manganese oxide to produce manganoua sulphate to be recovered by subsequent 
aqueous digestion The sulphate was converted to chloride by calcium chlonde and 
the precipitated calcium sulphate separated Tlse chlonde was then concentrated 
and the manganese converted to the tetravalcnt fonn of calcium manganate by the 
addition of lune and the characteristic oxidation ol the Weldon process Albright and 
Hood further developed the precipitation of manganese m the form of hj droxide from 
the sulphate solution by ammonia, recovermg the excess ammonia upon evaporation 
and oxidation of the precipitated hydrate 

Chajjman-’a ^ncesa tsv. d'AavJA; tuxsistA ’a. manga 

nese carbonate with a chloride salt By the process of C J Reed aqueous manganese 
sulphate is heated with nitrate salts, leaving manganese dioxide in the residue By the 
process of Dutt 4. Dutt, the oxide ore and alkalme hydroxide are roasted at 600 to 
750*C m a current of air in a reverberatory furnace, produemg manganate followed 
by lixivatmg the roasted mass to remove iron as feme hydroxide resulting from the 
reaction upon ferrites if present The manganate solution is then decanted, evapo- 
rated, and heated m a retort to 50Q*C m an atmosphere of steam, produemg a resulting 
mixture of manganese dioxide and alLalme hydroxide, which is washed to remove 
alkah, and dned 

The Vadner process consists m bnngmg sulphurous gas from roasting sulphide 
ores, or produced by the burning of Bulpbur, into contact with manganese oxide ore of 
5 to 35 per cent This has been done by ^raymg the fine pulp mto the gas Silver 
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and base metal, such as zinc, are attacked and dissolved along with the manganese. 
Iron is precipitated by finely divided calcium carbonate, and the zinc is separated and 
recovered by precipitation with the like precipitant at a higher temperature. Finally, 
lime and air are used to precipitate the dioxide. A later improvement of the process 
consists in leading the pregnant manganese solution over manganese dioxide to precipi- 
tate lead and iron, and treating with chlorine to produce the dioxide of manganese. 
Zinc and lead are both recovered. The manganese produced never falls below 90 per 
cent manganese dioxide, and under the best conditions exceeds 99.5 per cent. 

The process of Haslup and Peacock consists in digesting for 15 hr. or more the 
finely ground low-grade ore with added salts, such as ferrous sulphate, aluminum 
sulphate, or salts of potassium, that will contribute to the heat of reaction along 
with sulphuric acid not exceeding 55°B6. The treatment is conducted in a heat- 
insulated container at a temperature of 150°C. The action of the free sulphuric 
acid is relied upon as the source of heat. In any case the temperature is developed 
and maintained by the reaction. The digestion is followed by the e.xtraction of the 
sulphate in water in a condition suitable for conversion to the dioxide. 

By the process of M. L. Kaplan, manganese carbonate is converted to the oxide 
b 3 ’ exposure to air containing nitric oxide at some SOO^C. The decomposition product 
is recovered by heating the sulphuric acid solution containing it and which is passing 
from the oxidation chamber. The chief reaction of the oxidation is as follows: 

MnCO, + NO, = MnOj NO + CO, 

The lower oxide of nitrogen is converted to the higher state by the action of air. 
Provision is made for the treatment of native carbonate ore, or ore containing basic 
mineral, by the action of nitric acid, removing the excess of nitric oxide by the appli- 
cation of heat and producing dioxide suitable for battery purposes. 

By the sulphurous acid process of Van Arsdale the manganese oxide ore, of 18 to 
20 per cent manganese, reduced by crushing to 30 mesh, and containing water sufficient 
to produce a mobile pulp, is exposed to the action of sulphur dioxide as contained in 
roaster gas. The appliance that has been used for the absorption of the gas is the 
revolving cjdinder of the Leaver type, with perforated disks and deflectors. Reaction 
occurs between the aqueous solution of the gas and the manganese oxide in accordance 
with one or both of the following reactions; 

hlnO, -f- SO, = MnSOi (1) 

MnOj -p 2SO, = h'lnSzOc (2) 

The treatment is required to be conducted at an elevated temperature, as with gases 
hot from the roasters. Reaction without this heating results in increasing the less 
desired effect indicated bj'- reaction (2) above, which in any case cannot be entirely 
prevented. The dithionate of manganese produced by this reaction thus accompanies 
the sulphate produced by reaction (1). The treatment consists in a continuous and 
progressive digestion of the ore, or, when preferable, an intermittent digestion of 
identical action. 

To obtain a manganese solution of high densitj’’, as, for example, 1.5 sp. gr., a 
progressive treatment of at least two steps is necessary, bj' which the depleted ore 
receives the action of the fresh gases entering, and the fresh ore imparts higher content 
to the effluent solution passing from treatment. Solution of density as low as 1.2 sp. 
gr. maj' be produced by either the direct or the intermittent procedure. Clarifica- 
tion of the solution re.sulting from the detraction of the ore is practically ncccssarj-, 
Oliver filters having been used with fair success on solutions of 1.2 sp. gr., or less. 
No practical waj’ has been found to filter the stronger solution. The clear solution 
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from the treatment, following filtration, is evaporated to drjness in subheated cast- 
iron pans, expellmg water and sulphurous anhydride from the dithionate and yielding 
a residuum of manganese sulphate The firm adhesion of the salt to the pans requires 
mechanical removal, a chisel in an air hammer at times being required to detach the 
crusts The dislodged and digested r^due of manganese sulphate is calcined in a 
rotary kiln Imed with magnesite bneh, elevating the temperature at the heated end 
to 1950°F or higher, and yieldmg manganese onde, MnjOi, m the form of nodules 
containing less than 0 5 per cent sulphur and of a high degree of purity Manganese 
dioxide may be recovered from the heated solution also by electrolysis By the 
process of E H Westlmg the economic production of manganese dioxide was con 
ducted for a time at a plant of the American Manganese Products Co at Redwood 
City, Calif , yielding manganese dioxide of a high degree of purity suited for industrial 
use, but on account of its form it was found less satisfactory m the manufacture of 
dry battery cells than the pure dioxide mineral The fine ore, contaimng dioxide 
and other oxides of manganese, was crushed to the 20-me8h size or finer, and thence 
elevated to storage tanks for an intermittent supply at a rapid rate of discharge 
The thickened mobile material drawn from the storage tanks entered digesting vats 
of cylindrical form, provided with conical bottoms lined with acidproof brick bound 
with acidproof cement 

The digesting vats w ere provided with corrosion parts and with inner cylinders of a 
form resoinblmg those of tho Pachuco lank Sulphur dioxide, with a ^bght excess 
of Bir, produced by the combustion of sulphur under pressure in a Sebutte & Koertmg 
burner, was conveyed, while warm, to the vat, and allowed to react upon the charge 
produemg manganese sulphate After digestion with the sulphurous acid solution 
and w ith air as described, the manganese sulphate solution and residues were conveyed 
to a tank where a little powdered calcium carbonate was added, to neutralize the solu 
tion and to precipitate iron and alumina, arsenic, and other impurities This was done 
at about 50°C under constant agitation Following this treatment, calcium nitrate 
solution was added while agitation continued, resulting in the production of manganese 
nitrate, which remained in solution, and of calcium sulphate as a precipitate The 
mass, consisting of manganese nitrate solution and residual insoluble material, con 
taming the insoluble residue of the ore> feme hydroxide, basic iron salts, and other 
mineral matter, contamed also calcium sulphate crystals which coated the particles of 
the fine slime and rendered it easy of filtration Tins residue was removed by filtra 
tion without difficulty by the ordinary Oliver filter 

Copper, when present in the ore and taken into solution hy the action of the acid 
was precipitated completelj by aluminum dust, a separate precipitation treatment for 
which, when required, was provided The clear solution of manganese nitrate, freed 
from copper and to a large extent from its original calcium salts, was evaporated in 
open pans, where all further and fins] separation of calcium sulphate occurred, produc- 
ing crusts easy of removal The evaporation was continued under pressure in vertical 
cylindrical retorts with conical bottoms provided with acidproof liniDg and corrosion 
parts By this final evaporation treatment manganese mtrate decomposed, producing 
pure manganese dioxide and releasmg nitric anhydride, which was recovered by means 
of scrubbing towers, in senes, the first of which produced pure nitric acid of 1 38 sp gf i 
used for the manufacture of lead nitrate The more highly diluted acid recovered 
from the succeeding towers was brou^t to the required strength by sjstematic and 
progressive absorption of the nitric gases The pure product was obtained m the form 
of an easilj settled fine granular material that waa readily w ashed, settled, dried, and 
recovered 

Much has been learned m recent years through investigation of the U S Bureau 
of Mmes to aid our inderstanding of requirements necessary for treating some of tb« 



THE METALLURGY OF MANGANESE 


577 


large bodies of low-grade ores of manganese. Such treatment is necessarily specific 
in being suited to the region as well as to the variant character of manganese ores. 
Sulphurous acid, along with the minimum of required sulphuric acid, appears to be the 
best solvent. The extraction treatment is preceded by suitable and systematic ore 
dressing to govern the favorable fineness for processes of leaching or agitation. The 
fundamental purpose in this sulplmrous type of extraction is to convert the higher 
oxides of manganese to the soluble sulphate by the action of sulphur dioxide, and to 
dissolve the protoxide content of the minerals, simultaneously, in sulphuric acid in 
proper dilution, which is cither added as such, or is formed from the oxidation of the 
sulphur dioxide, and to leave unattacked, so far as possible, the iron oxide and other 
undesired components of the ore. The close association of the manganese oxide 
minerals with other components of the ores, including not only those of iron but also 
of calcium, phosphorus, silicon, aluminum, and other elements, requires the consider- 
ation, in practice, of many chemical and mechanical factors. Whatever the type of 
plant or the mechanical provisions for bringing the active, solvent agents into contact 
with the prepared ore, the countercurrent principle, by which the fresh ore first meets 
the nearly depleted solvent, is best applied. There enter also matters relative to the 
effectiveness of the degree of acidity of the solution in sulphuric and sulphurous acid, 
the temperature of treatment, the comminution relative to the character of the ore, the 
content of sulphur dioxide in the impregnating gas, the mechanical activity relating 
to solvent and ore grains, the duration of treatment, the selectivity of the solvent on 
the various desired and undesired minerals of the ore, the separation of tailing and of 
slime from the solution, the treatment of washings, and the avoidance of the develop- 
ment of manganese dithionate, during extraction, which entails added cost in recovery 
of unoonsumed sulphur dioxide. 

Manganese Oxide as an Interfering Mineral. — The extraction of silver, and 
in some cases of other metals, from ores in which the metal of high value is found 
in close association with the dioxide or other oxides of manganese has been notable 
for the difficulties that have been encountered. Attempts of many kinds have been 
jnade to separate the manganese or to render its influence otherwise negligible. 
Smelting the ore meets with no interference beyond that common to iron oxides, since 
manganese in moderate proportion enters slags in the form of oxide, or silicate, as 
iron would do. AVhen metals are to be extracted by cyanide solvent, however, the 
interference is marked. 

IBy the process of A. G. French, patented in 1913, manganiferous sulphide ores of 
zinc, lead, or silver arc treated to recover the manganese by roasting at 700°C., 
followed by incorporating with the ore some 5 per cent of sodium bisulphate, and wet 
grinding, followed further by leaching, in which treatment sulphates of sodium, zinc, 
and manganese are extracted. The solution is subjected to electrolysis between 
anodes of lead and cathodes of zinc, at 2.5 to 4.5 volts and 200 to 300 amp. per sq. m. 
of cathode surface. The manganese content of the electrolyte is controlled to suit 
the conditions of deposition of the zinc, adding, when necessary, manganese sulphate 
produced by the action of aqueous sulphur dioxide of the furnace gases upon the 
manganese dioxide ore, using the spent electrolyte as an aqueous carrier of the sulphur 
dioxide from the roaster gases and as a solvent of the manganese yielded by the ore. 

The Vcrmacs process* for the treatment of manganese-silver ores consists of a 
reduction roast in the presence of a chloridizing agent at a temperature below the 
volatilization temperature of silver chloride, followed bj- extraction with water and the 
recovery of the silver from the ore by cyanide. Carpenter^s process for the treatment 
of manganiferous silver ores consists in a chloridizing-voiatilizing roast at 1000°C., 
recovering silver from the collected fume and by the cyanide treatment of the residue. 

> U. S. patent J23442G. 
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L W Austin has patented a process' which consists in adding raw pynte with sul- 
phunc acid to mangamferous silver ores following by water washing and cyanidabon 
Many similar but minor expedients of vaned sorts have been resorted to in the effort 
to obtain a satisfactory recovery of the prenous metal from ore of this character 

Physical Properties of Manganese Dionde — The physical properties of man- 
ganese dioxide are well observed in the properties of the pure minerals which have 
been mentioned It is, however, most difficult to obtain from any source a manga- 
nese mmeral that may be said to be a dioxide of absolute punty. As a chemical 
precipitate, produced, for example, by the Westhng process, the substance is a 
grayish black powder, composed of hard and compact grams The desired quality 
for depolanzmg purposes and the existence of a colloidal form are elsewhere explamed 
The dioxide by recent experiment is found to be slowly acted upon by hydrogen or 
hydrogen sulphide at ordinary temperature and atmospheric pressure, resultmg m 
the one case m the formation of a lower oxide of manganese and in the other of the 
sulphide of manganese By the process of Clevenger and Caron, manganese oxide 
ores are treated to reduce the oxide to a lower state to facilitate recovering manganese 
by magnetic concentration 

Compounds of Hexavalent Manganese — The hexahydroxide of manganese ^ 
not known nor is the free acid correspondmg to its partial anhydride ^HtMnO^), 
which would correspond to manganic acid The salts of this acid are known, how> 
ever, and for the alkalme elements are stable and important under certam conditions 
These salts are stable also m a state of alkabne fusion In alkalme solutions they 
reaemble the sulphates m comportment and with them they are in some cases iso 
morphoua When manganic salts are rendered neutral or acid, depriving the solution 
of negative ions to support the lower radical, the manganese passes into the heptavsl* 
ent form and produces the well known permanganate, a typical salt of which is 
permanganate of potassium, KMaO^ In this transition from the hexavalent to the 
heptavalent form, an oxidising action is iiuphed, and a draft upon the action of some 
oxidizmg agency is naturally made tVhen no agent is supplied, the mangamc ion, 
Mn 04 IS Itself m part reduced, producing the dioxide (MnOi) and yielding the oxygen 
required to produce permanganate Nitric acid facilitates this reaction but does not 
amply yield the oxygen required Chlorine and bromme are agents naturally suited 
to the reaction 

The prevailing color of the manganates is green, while that of the permanganate is 
violet Tlic transition from the violet to the green color implies always a change in 
the state of oxidation when it appears to follow the alteration of the acidity The 
green or hexavalent form is hi^dy stable at high temperatures and tends to take 
oxygen from any available source, as is the case when the dioxide is fused with alkaline 
hydrates By Us pronounced color it is a common evidence of the existence of roan- 
'SVie iKrrfiniAy required Sor Vue existence iff 
state in contact with water tenders the salts important chiefly as transition products in 
the production or employment of permanganates 

Compounds of Heptavalent Manganese —The ready transition of rnanganfltes 
into salts containing the heptavalent anhydride (MnjOr), resulting in the forma 
tion of permanganate, is indicative of the stabihty of permanganate salts under 
normal conditions, and under conditions of acidity In this form the manganese 
resembles the chlonne atom, which appears in correspondmg combmations as per 
chlorate Permanganic acid, itself, is stable la acid solution It can be produced 
by decomposmg banum permanganate with sulphuric acid, which removes the barium 
as an insoluble sulphate The attempt to isolate absolutely permanganic sc«l 
results m producing the anhydnde (MoiOi), which is a violet-brown oily liquid, 

t U 6 pitent 1327974 
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liable to explosive decomposition into oxygen and manganese dioxide. The reduction 
of permanganate, when employing it as an oxidizing agent, is thus different in result 
according to the relative presence of acid or base. In acid solutions, permanganates 
leave the dioxide as a decomposition product. In alkaline solution, the product is a 
manganous salt. Most substances, whether of mineral or of organic nature, that are 
conceived as being susceptible to oxidation are attacked and oxidized by permanganate 
in solutions or added to fusion mixtures. 

The alkaline manganates and permanganates are produced in various ways, the 
principle of the treatment commonly being that of the oxidizing-alkaline fusion of 
manganese oxides. The action is commonlj^ conducted in kilns by allowing air to 
react upon finely ground manganese dioxide and alkali. For ample yield and best 
results it is preferable to employ potassium hj'droxide in an amount equivalent to 
2.5 molecules for each molecule of the dioxide, maintaining a temperature of some 
300°C., and suppl 3 dng moisture ivith the air. By the process of Shoeld, the perman- 
ganate is produced from the manganate solution, of 1.15 to 1.2 density, by oxidizing 
electrolysis, using porous anode compartments. The Brewster process provides 
for the oxidation to permanganate by the application of chlorine to the hot solution. 
The patents of Lovelace, Banning, and Judefind are for the production of sodium 
permanganate from sodium hydroxide by employing anodes of manganese containing 
tungsten, molj’bdenum, or silicon in anode compartments. James C. Adell makes 
use of the presence of the oxide of iron in an oxygenation treatment of alkali and man- 
ganese o.xide in the presence of air. MacMillan accomplishes the reaction with the 
alkali by fine comminution of the mixture while at a temperature of 400 to 550°G. 
A patent of McCormack provides for mixing manganese dioxide \vith an aqueous 
solution of alkaline hydroxide, and evaporating the mixture to dryness, followed by a 
moderate elevation of the temperature to produce alkaline manganate. By the 
Vanderkleed process, sodium manganate is produced by the fusion of manganese 
dioxide with sodium peroxide. 

Electrolytic Manganese. — ^The production of electrolytic manganese has a eon- 
siderablc importance for war industry ; for the pure material produced by this process 
enables a close control of alloys that is otherwise impossible. In general the produc- 
tion of electrolytic manganese depends on the deposition of metal from an electrolyte 
carrying 34 to 36 g. per 1. of manganese and 135 g. per 1. of ammonium sidphatc with 
about 0.15 g. per 1. of sulphur dio,\idc.* The cathodes are made of 316 stainlesis 
steel, a semimirror finish being maintained on them by buffing every 4 days. If they 
arc too rough, the manganese cannot be conveniently stripped; if they arc too smooth, 
the manganese is likelj’’ to fall off in the cell. The anodes are 99 per cent lead, 1 per 
cent silver, 15 X 32 X K in., drilled with as many 1% in. holes as possible, which 
gives a higher anode current density than cathode and minimizes the production of 
manganese dioxide by an anodic deposition. The composition of the anode itself 
assists in keeping down the production of manganese dioxide. The anodes are 
surrounded by an 18-in. canvas sleeve, the lower end of which goes through a false 
bottom in the tank so that any manganese dioxide that is formed falls through the 
sleeve into the space between the true bottom and the false bottom of the tank. Tlie 
diaphragms become clogged with calcium sulphate in about 4 to 6 weeks and must be 
discarded. 

The electrolj’to is fed into the space between the anodes and this canvas dia- 
phragm and is depleted so that in the anode compartment there is 8 to 10 g. per 1. of 
manganese. 

' jAcons. Hcsteh, ti al., First Two Years of Operation o{ the Bureau of Mines Eloctrolytio Man- 
raneao Pilot Plant at Boulder City, Nev., A.I.M.M.E. Tech. Paper 1717, New York meeting. 
February, 1914. 
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The cathode current <5onsity la 45 to SO amp pi'r eq ft The anode denaitj, 
because of the hol< s ui the enthmie, w 81 to 90 amp per pq ft 'Hie ct II voltage tn 
5 0 to 5 3 After dtpo'Hition for 21 hr, Ihecathwlea nredippicl jnn 1 per rent solution 
of socluim or potavsiuni (Iiehromate, to pmtiit oxulation of the manganese Tliey 
arc then waslusl m n separate tank am) are dried and then stripped from the cathode 
by flexing and striking w ilh a rubber mallet 4 1 kw dir proiliices I lb of Mn 

llie electrolyte is prepared by tiaehing manganese ores, m which the manganc«c 
haa already hi-en reduced to the bnalint alage with spent electrolyte Sulphuric 
acid and animoimim sulphate are added as neoiled to bring the compos tion of the 
electroly te to the eompoaition already guen fhe leach h neutralired w ith ammonia 
gas and freed from the barren ladings and the precipitated iron and aluminum 
hydroxides 

riie neutral leach solution, in addition to ammonium and manganese eulphste», 
contains small ninoiintn of iron, arsenie copprr zine lead nickel cobalt, ami moI)I>- 
denum Tliese arc precipitateil by Indrogen sulphide gnses, and the precipitate it 
taken out by filter pressing Hie solution still contains a little colloidal sulphur, 
colloidal metal sulphides, and organic mailer tiliicli are mlrodiiretl with the ammon- 
ium sulphate A little ferrous sulphate w aihloil and air pawil in to oxidite the iron 
This prei ipitates the iron as a mixture of feme Iiydrozidc and basic ferrous sulphate, 
which remoNes the sulphur and colloidaU aud also temotes any residual arsenic and 
muly bdenum 

Tlioiropunty that inteifereaTnoslxnth the process w magnesium U is necessary 
at intervals to refrigerate (he electrolyte to )0to 1S*C , which thron-g out a triple salt 
of magnesium mangnnese-ammonmm aulphate ) ortnnalely this rail can le »14 
in the southeastern United States as a fertihrer Some experimental work has been 
done on the precipitation of ealcium and magmsmim from tlic electrolyte by the 
closely controlled addition of ammonium fluonde 

The HydrometaUurgy of Manganese —Tlie wet treatment of manganese ore 
requires a knowledge of the manganese minerals anil the compounds of manganese 
that appear in solutions, precipitate*, minerals, and proiluets Tliese matters 
liaxo been discussed 

Considerable work has been done on the Wilson Bradley process, which depends 
on the reduction of manganese to MnO and of FcjOi of the on? to Ft,0| at about 
^OO'C by a mixture of hydrogen, carbon monoxide, and water vapor The calcine 
must be kept away from the prcj.ence of air m order to prevent reoxidation It u 
then agitated with animonium sulphate liquor nt aliout 8S*C ITic manganese 
oxide dissolves as manganous sulphate with generation of ammonia gas Apparently 
the difliculty of recov cring the ammonia gas has been the chief olistacic to the general 
adoption of this process 

Anoflier ammonia process was that of A T Sweetofthe Michigan School of "Mines 
In this process manganese carbonate ore cnislieil to minus M mesh is mixed with 
ammonium sulphate and a little water and the mixed pulp roasteil This drives off 
carbon dioxide and ammonia wlnle the manganese carbonate is changed to sulphite 
The sulphate is leached from the roasted pulp and the manganese preeijntated b\ the 
ammonium carbonate recovered from the roast gases 

Ores that were low in lime ond high in iron were treated by Prof Sweet with 
sulphuric acid to produce soluble manganese sulphate roasting the manganese 
sulphate to MniOi So far ns known this process has not reached the large pilot plant 
stage 

Some rather promising results on manganese carbonate ores, specifically on tho's 
of the Chamberlain District, S D , were bbtamed by leaching vpith calcium chloride 
Prolonged digestion tran«formcd the manganeic carbonate into manganese chloride, 
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the calcium remaining in the ore as calcium carbonate. Tire manganese is then 
precipitated by calcium hj'droxide, which regenerates calcium chloride for future 
use. 

Manganese dioxide, as alrcadj' indicated, is readily acted upon by sulphur dioxide, 
which dis.solves the manganese as manganese sulphate. This furnished the basis for 
the so-called L. H. llyerson process, also intended primarily to treat the carbonate 
ores of Chamberlain, S. D. It was purposed to use manganese sulphate solution as a 
catalyst for the oxidation of sulphur dioxide to sulphur trioxide and to use the sul- 
phuric acid manganese sulphate solution as a leaching agent. The manganese 
sulphate not needed as a catalyst was to be calcined to manganese oxide and sulphur 
trioxide. On a working scale the oxidation of the sulphur dioxide did not proceed 
so rapidly as had been expected, which seemed to be the chief difficulty. 

The Bureau of Mines also did some work on this problem, though the Bureau 
of Mines had the opinion that the sulphur dioxide leaching should be preceded by a 
sulphuric acid leach. ^ If a sulphuric acid leaching does not precede the sulphur 
dioxide leach there is a tendency to produce dithionates, which decompose on any 
attempt to concentrate the solution. It docs not appear that this process passed the 
laboratory stage. 

Nitrogen Dioxide Process. — Leaching with nitrogen dioxide has been e.xperimented 
with by the Bureau of Mines.^ The general basis for the process is the fact that 
manganese dioxide reacts with NOj and water to form manganous nitrate with 6 mole- 
cules of water. The oxidation of NO 2 to nitric acid was to be kept low by controlling 
the flow of NOj and eliminating air pressure. Under these conditions the nitrogen 
dioxide acts as a reducing agent on the manganese dioxide. Calcium and magnesium 
if present dissolve readily and can bo removed only by crystallization. A pilot plant 
was to be erected by the Anaconda Copper Mining Co. to test this process on a large 
scale. 

Manganese accompanying other metals is commonly freed by utilizing the per- 
manence of its salts in acid solution in the presence of hydrogen sulphide, and the 
stability and insolubility of its sulphide in alkaline solution, iron being previously 
removed and thus not under consideration here. The manganese, therefore, accom- 
panies zinc, nickel, and cobalt, from which, along with zinc, it is separated by the 
greater readiness of its sulphide to react with dilute acid. It is separated from ferric 
iron by the relative solubility of tlio manganous hydrate in ammonium chloride, and 
from zinc by the relative insolubility of the manganous hydroxide in alkali. The 
possible electrolytic deposition of the dioxide \jpon the anode of the electrolytic cell 
permits of separation from most other metals, lead being excepted, and, under certain 
conditions, silver. 

Economic Demands. — The great demand for manganese arises in its metallurgi- 
cal use ns metal in ferroalloys and the industrial uses of dioxide and the several 
well-known compounds required in many varied applications. The production 
of the pure dioxide is seen to bo a starting point for the manufacture of most com- 
pounds as well as for the preparation of the metal. Manganese minerals and products 
of low grade have been used for a wide variety of purposes, in some eases as eoloring 
agents, as in the manufacture of terra cotta of required shade, or for cements and other 
construction materials. The use of manganese as a fetilizcr has been shown by years 
of experience to have been helpful as a crop stimulant. The adaptability of ammon- 
ium-raangnncsc-magnesium residues to use as fertilizers has been of immense aid to 
certain electrolytic manganese work. In medicine it is now known to be a stimulant 
of enzymes. Under present conditions, a low content of manganese in ores or minerals 

' V. S. Bur. Bepts. InTesiigationa 3G49, July, 1942. 

’ V. S. Bur. Mines Beptn. Invcfiioations 3020, Mnrcb, 1942. 
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signi6c3 littlo value except where a hij^h degree of concentration or a elmple process of 
chemical extraction becomtH possible 

Analysis of Manganese. — ’nio chemical determination of manganese with awir- 
nnec of accuracy m ores, or as a component of iron ami steel, has been alaays an 
mvoUed and exacting operation Many methods are knoicn, some of which ha\e 
been shortened to become methmb of convenient assay Tlie element, wben present 
in iron and steel, commonly rerimrca the longer procetlure of rjuantitativc analysis 
for accurate determination One may read A A IHair on the "Chemical Analysis of 
Iron,” or Sutton's “^olumetnc Analysis" ^lic *mc oxide mctho<l of Ixiw' is 
commonly accepted as being w ell Buite<l to ores Tlic method of Clennell* n suited 
to the determination of the manganese alloy with aluminum 
I C/ Low » Tottiniekl MtlLoli ol Or» Anftl>«la * 

• Eng iftntitJgvr t ol IQS pp 407-110 1918. 
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COBALT 

Bt a. B. Schaai.,1 M. J, Mukphy,* and S. A. Latoich^ 

Occurrence. — Cobalt is found in igneous-rock formations in many localities widely 
scattered over the earth’s surface. The individual deposits, while numerous, are 
small and usually in conjunction with, or part of, deposits of more abundant or more 
valuable metals, such as copper, lead, manganese, nickel, silver, and, occasionally, 
gold. Consequently, cobalt is usually produced incidentally to, or as a bjqiroduct 
of, some more extensive metallurgical operation. 

Some of the more important ores of cobalt are (1) smaltite, or tin white cobalt, 
CoAsj; (2) cobaltite, or cobalt glance, CoAsS; (3) erytbrite, or cobalt bloom, C 03 - 
AsjOs.SHjO; (4) linnaeite, or cobalt pyrites, CosSi; (5) asbolite or asbolan, black 
earthy cobalt, an impure mixture of manganese and other metallic oxides; and ( 6 ) 
skuttcrudite, CoAsj. 

Of the many and widespread deposits of cobalt, the following have, or have had, 
considerable commercial importance; (1) the Katanga district, in Belgian Congo, 
where cobalt is found as a cobaltiferous copper ore; (2) Northern Rhodesia, where 
there is a similar deposit; (3) French Morocco, where smaltite is found in conjunction 
with gold, a rather rare occurrence; (4) Ontario, Canada, where cobalt occurs in a 
variety of forms in conjunction with the silver deposits around Cobalt, and with 
various nickel deposits; (5) Schneeburg, Germany, where it is found as smaltite, 
linnaeite, and asbolite, and is associated with silver, bismuth, and uranium. New' 
Caledonia, which at one time furnished 90 per cent of the W'orld’s cobalt, has com- 
paratively large deposits of asbolite. These deposits have not been w’orked much in 
late years, largely because others, notably those in the Katanga, can be worked more 
cheaply. 

Other deposits, of more or less marginal and temporary commercial importance 
arc found in Burma, New South Wales, South Australia, India, Norway, Sweden, 
Finland, Chile, Brazil, Peru, and the United States. 

The most important deposit in the United States is that around Fredericktowm, 
Mo., where cobalt is found as sulphide in conjunction with copper, nickel, and lead. 
This deposit has lately been revived, perhaps temporarily, because of world economic 
conditions. Some cobalt has been obtained recently as a by-product from the old 
iron mines at Cornwall, Pa. (see page 591). 

In the first nine months of 1941, the last period for which such statistics are 
available, the following cobalt materials were imported into the United States; 

1. From Belgian Congo; 6,631,692 lb. of “residue” (cobalt-coppcr-iron alloy) 
averaging about 41 per cent cobalt. 

2. From Canada and Australia: 2,016,105 lb. of ores and “concentrates” averaging 
about S.7 per cent cobalt. 

3. From Canada: 484,800 lb. of cob.alt metal. 

4. From Belgium, Canada, and the United Kingdom, 38,002 lb. of oxide containing 
70 to 71 per cent cobalt. 

* Plant MannRcr,* Superintendent,* Aftslslant Superintendent, Ferro Knamel Supply Co,, Cleveland, 
Ohio. 

5S3 
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These figures do not indicate usage, since much of the material, except the oxide, 
was brought in as preparation for the xvar emergency, especially item 1 

Until very recently (1944) the domestic cobalt deposits have not been worked, and 
to date (August, 1944) no refined material has been produced from these deposits 
Properties of Cobalt Phy&\cal Properttes — Cobalt is a silvery white metal ulien 
polished, but is a gray powder when produced bj reduction of its oxides Its speci6c 
gravity is 8 756 for an unannealed sample, 8 81 for an annealed sample, and 8 925 
for a swaged sample It has a melting point of 1480“C and a boiling point of 1900°C 
Its atomic weight is 58 94 

There are two allotropic modifications of the metal Alpha cobalt has a doss' 
packed hexagonal lattice and is the stable form imder 400®C At 400" beta cobali 
is formed This modification has a cubic lattice Both orms are known to exist 
below dOO'C , but alpha cobalt is the stable form 

After iron, it is the moat magnetic metal and it retains its magnetism even at high 
temperatures 

It has a tensile strength of 34,400 lb per sq id when cast, 36,980 ib per sq in 
when annealed, and 100,000 Ih per sq m when tolled Its compressive strength, is 
122,000 lb per sq m when east and 117,200 lb per sq in after annealing Its 
Brinell hardness vanes between 124 and 130, but electrodepositcd cobalt is harder 
than the ordinary metal, having a Dnnell number that vanes between 270 and 311 
Pure cobalt may bo maclimed, but it is somewhat brittle Its machining qualities 
are unproved by the presence of small amounts of carbon w hicb also make it possible 
to swage the hot metal 

Chemical Properties — The hot metal combines with vanous gases It decomposes 
steam at red heat IVhen finely divided, it ignites m an atmosphere of the oxides of 
nitrogen It reacts with ammonia gas at 470" to form a cobalt nitride, CoiNt which 
decomposes at 600* At a pressure of 100 atm, finely divided cobalt resets with 
carbon monoxide if heated to about 200°C, forming orange red crystals of cobilt 
carbonyl, Coj(CO)i This reaction differs from that of nickel with carbon monoxide 
in that the latter reaction proceeds at atmospheric pressure and low temperature 
and forms a basis for the separation of nickel from cobalt It reacts with chloritte, 
bromine, and iodine to form the corresponding halide salts 

The metal is soluble in dilute mineral acids, forming cobaltous salts 
There are three oxides of cobalt, analogous to the oxides of iron Cobaltous oxide, 
CoO, IS a greenish gray cobaltic oxide, CoiOi, is brown, cobaltoso- ohaltic oxide, 
CojOj, IS black Solution of any of the three oxides in mineral acids results in the 
corresponding cobaltous compound 

CoO + 2Ha CoQ, + H,0 
Co,0, + 6Ha 2Coai + 3HjO + Cl, 

Co.Oi + 8Ha 3Coa, + 4H,0 + Cl, 

Simple cobaltic salts do not exist, and if formed in "iolution, are probably immedi 
ately reduced to the cobaltous state There are, however, many complex cobaltic 
compounds, e g , potassium coballimtnte, K,Co(CN)« 

One of the most important methods of separating cobalt from nickel depends on the 
fact that, if cobalt is oxidized to the cobaltic state by means of chlorine, h 3 q)Ochlorites, 
or peroxide in neutral solution, the cobaltic salt formed immediately hydrolyzes and 
precipitates as cobaltic hydroxide 

Cobalt 13 precipitated m cold solution by dilute alkali formmg a blue basic salt 
CoCl, + KOH -» CoOHCI + KCl 



COBALT 


585 


This basic salt is changed to the pink Co(OH)2 on warming the solution. The pre- 
cipitate, in turn, changes to brown Co(OH)j in contact with air. 

Alkali carbonates produce reddish precipitates of variable composition. 

The metal may be made from the o.xidc bj' briquetting the cobalt oxide with a 
carbonaceous material, or by passing hj'drogen over C02O3. Carbon monoxide 
slowly reduces C02O3 above 500°C. and very rapidly at 900°C. or above. 

A very pure form of cobalt metal may be obtained by heating cobalt oxalate, 
CoC20<, at high temperatures. 

Metallurgy. — Most of the cobalt is now produced from the cobalt-bearing copper 
ores found in the Katanga district of Belgian Congo. Treatment in blast furnaces 
on the ground brmgs the cobalt out in the slag. This slag, reduced in the electric 
furnace, forms a coppcr-iron-cobalt alloy, which, prior to the war, was refined largely 
in Belgium. Lately, however, this raw material has been shipped to Niagara Falls, 
N. Y., where a plant having a capacity of about 1300 tons of cobalt per year has been 
built by Electro-Metallurgical Corp. for the Belgian interests. This operation, like 
most of those dealing with cobalt, has been shrouded in secrecy. 

This crude alloy has also been refined to cobalt salts and cobalt oxide in two or 
three Ohio plants, and at a New Jersey plant, whose processes are rather closely 
guarded. These latter plants arc probably using wet chemical separations, whereas 
the Niagara Falls operation is at least partially electrolytic. The cobalLcoppcr-iron 
alloy has a fairly uniform composition. It contains about 1 to 3 per cent arsenic, 1 to 
2 per cent silicon, and small amounts of nickel, lead, antimony, and manganese, 
totaling 2 to 3 per cent. The remainder of the alloy (92 to 94 per cent) is made up of 
iron, copper, and cobalt. It is usually divided about as follows; cobalt 40 per cent, 
copper 18 per cent, and iron 35 per cent. About the only published information on 
processing tliis material is contained in Thorpe’s Chemical Dictionary. 

Prior to 1941, cobalt was also produced from several other sources, notably in 
France, from Moroccan ores of approximately 12 to 15 per cent cobalt, 3 per cent 
nickel, and 45 to 50 per cent arsenic, and from the old New Caledonian sources'. 
Cobalt was produced in Germany from smelter residues from Burmese antimonial lead 
operations, as well as Canadian smelter products, and local ores. It is certain that 
the German government subsidized these operations to enable them to compete in 
world markets. Some cobalt compounds were produced in this countrj’’ for the 
ceramic trade, from Canadian silver-mine tailings enriched by small amounts of 
pick-mined higher grade material, making a "concentrate” containing 10 per cent 
cobalt, 3 per cent nickel, and 25 per cent arsenic together with iron, sulphur, and 
varying amounts of ganguo. 

During the last few years, some of the material formerly going to Germany and 
France was diverted to the United States, and some of the speiss from the antimonial 
lead operations in Burma was treated to recover cobalt oxide among other products. 
The cost of these materials is very high, and they cannot be cheaply treated. 

Since 1911 an attempt was made to revive the Missouri deposits, and a plant was 
erected to concentrate the cobalt and nickel sulphides by flotation. These concen- 
tratns were roasted to remove most of the sulphur. The plant was also equipped to 
smelt these concentrates down to a cobalLnickcl matte, thus getting rid of a large 
part of the iron. The flotation concentrate ran 6 to 7 per cent cobalt. The roasted 
concentrate usuallj’ ran 12 to 15 per cent cobalt, while the matte, after roasting, 
xtsually contained about the same amount. Sulphur in the concentrate was quite 
high, but it could be roasted down to about 3 per cent. 

Prcparalorij Trcalmriit . — With the exception of the ores in Belgian Congo, nickel 
is almost universally associated with cob.alt in amounts necessit.ating its separation. 
Thc.se ores arc cither oxides, sulphides, or sulphoarscnides of these metals, and usunllv 
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contatn, in tidditioa to iron and the gangue matenala, %arymg amounts of copper, 
antimonj, lead, and manganese 

Up to the present, cobalt must be aeparated from nickel by wet chemical means 
Such methods are comparatively expensive, and the ores are usually concentrated 
by ei ery at-ailable physical means, as far as possible, preparatory to wet chemical 
treatment Tablmg and flotatton are both used for these preliminarj 
concentrations 

Oxide Ores and Concentrates — Two general schemes of treatment, after concur 
tration bj tablmg or flotation or both, are appbcahle to this class of material (1) 
It can be smelted and an alloy formed, cast into anodes, and brought mto solution by 
electroljsis, or (2) it can be directly digested with muriatic or sulphuric acid Both 
methods find application at present 

Owing to process difficulties encountered with sulphuric acid treatment, the metals 
are usually brought mto solution as chlorides, or, after special preparation, leached 
with ammomum carbonate 

Sulphide Ores and Concentrates — It is seldom that these materials are sufficiently 
soluble in sulphuric or muriatic acid to permit direct treatment with a view to eliminat- 
ing sulphur as bjdrogen sulphide In the rare cases where this treatment succeeds 
caring for the evolved gas constitutes a serious problem To treat sulphide materials 
with an oxidizing mixture such as sulphuric acid and niter or muriatic acid and niter 
is usually impractical, owing to the difficulty of handling the heavv sludge of sulphur 
formed It la usual, therefore, to roast off the sulphur as far as practicable, converting 
the metals to oxides, which arc then subjected, after fine grinding, to acid treatment 
Sulphur has been reduced to about S per cent by roasting, some sulphate being 
formed at the same tune, not meluded in this figure The roasting is done in multip]e> 
hearth furnaces, and is a fairly cheap step 

VThcic large amounts of gangue and won are present, it is perhaps pTcferable to 
smelt the sulphide concentrate down to a matte, removing the gangue and some of the 
iron in this manoer The matte is then crushed, ground, roasted, and pulvenzed, 
when It IS rcadv for the acid treatment The matte is usually made in reverberatory 
furnaces, oil fired 

Arsenical Ores and Concentrates — Older methods of preparing such materials 
nearly alw ays included smelting to a speiss, or a speiss and matte In this w ay gsnguc 
13 remo\ ed along w ith some iron if the iron m the ore w high Matte comparatively 
low in arsenic should then be roasted, as should speiss containing large quantities of 
sulphur AVhere apeiss is roasted, means must be provided for collecting the volatil 
ized AsiO» Some arsenic w ill, of course, remain in the roast, care being taken to sec 
that it falls to somewhat less than the iron content, to ensure its complete removal later 
in the process 

Sonwit.\pfta.<if.tp>ufla,,V!A/j,b.iD. WMwvt wiiVwn vawiVpferM, heat.direclly 

dissolved in acid, after grinding, without roasting, and the arsenic recovered as calcium 
arsenate 

hich method to use, » e , whether or not to roast a low sulphur high-ar«enic 
apci^, will depend on the local possibibtiea of atmospheric pollution, as well M 
economics 

Several attempts have been made, pnor to acid treatment, to convert themctallir 
constituents into eueh a condition as to provide selective solution, and thus partial 
separation of the metals by the initial acid treatment These attempts have been 
only partially successful The appended references cover these trials, as well sa 
complete proco«'iea which today possess only historical importance 

Preliminary Chemical Treatment, Unoildized Material — Tw o methods have been 
employed at this stage of the refining 
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1. Smelting with soda ash, niter, and salt, on a cast-iron lining, at about 1300°F. 
The fluid melt is poured into a rapid stream of water and completely disintegrated. 
Arsenic passes into solution as sodium arsenate, sulphur as sodium sujphate. The 
metals, silica, alumina, and antimony remain in the residue. The slurry is filtered 
and washed. The arsenic is recovered as calcium arsenate. The cake is dissolved in 
muriatic acid, all metals passing into solution as chlorides. Sulphuric acid cannot be 
used where much gangue is present. 

2. The finely ground material is digested with muriatic acid and niter in a glass- 
lined vessel, the nitrous fumes being recovered in an absorbing system as nitric acid, 
and re-used in the process. If the material is a high-arsenic low-sulphur ore, prolonged 
digestion is usually needed to bring about solution of the metals. In this case, the 
entire charge is placed in the dissolving kettle and heated with steam while agitating. 
If however, the material is a high-arsenic low-sulphur speiss, the finely ground material 
reacts instantly and completely with the hot oxidizing acid and is, therefore, fed into 
the acid in a stream at a rate that permits the collection of the fume in the absorption 
sj'stcm and prevents the reaction from getting out of control. In the resultant solu- 
tion, the metals are present as chlorides, the arsenic as arsenic acid, udth more or loss 
elementary sulphur, depending on the amount originally present. The following 
reaction typifies the behavior of arsenical ores; 

5CoAsj + I2HNO3 + lOHCl + 4HjO SCoCl^ + lOHjAsO^ + 12NO 

Oxidized Material . — After fine grinding, oxidized material is treated directly with 
sulphuric or muriatic acid, the choice being governed by two factors: (1) the physical 
condition of the material after acid treatment, with its effect on handling, and (2) the 
requirements of the subsequent separations. Usuall}' solution in muriatic acid will 
be found advisable in the case of the more complicated materials. This is especially 
true since the present cost of muriatic acid is relatively low. 

Usually, even if the material is finely ground, a considerable time, and heat, will 
bo necessary to arrive at anything approaching complete solution. Residues, if they 
contain no important amounts of cobalt or nickel, are not removed after solution is 
finished, since they do not complicate subsequent steps. 

Wet Chemical Separations. Separation of Iron . — ^From large amounts of iron, 
cobalt and nickel are probably best separated, in muriatic-acid solution, by neutraliza- 
tion with calcium carbonate to pH 3.0 to 3.5 and filtering of the resulting slurry. It 
will be necessary in most cases to use a filter aid such as sawdust, which is added after 
precipitation. At best, filtration and, especially, washing are difficult. It is prob- 
ably adrisable to repulp the cake 'ndth water, acidify to, say, pH 2.0, add more cal- 
cium carbonate to pH 3.0, and rofilter. The whole operation should, of course, be 
carried out in a highly dilute condition. In the presence of much silica or alumina it 
may bo necessary to raise the pH to 5.0. Arsenic, if present in an amount not more 
than equal to the iron, will be completely precipitated. 

The presence of copper complicates matters severely. If the pH is 3 to 3.5 at 
filtration, most of the copper comes through and can be recovered, but at pH 5 a large 
proportion of the copper is precipitated. 

In the case of lead, most of it will be retained in the cake, but much comes through, 
and will come down in the copper separation, later. 

Antimony will remain in the cake, except, possibly, traces. 

Separation of Arsenic. — So long as sufficient iron is present, arsenic tvill all be 
precipitated with the iron, probably as FciAsOr. It can be removed from the precipi- 
tate by digestion (I'ot) with caustic soda: 

FeAsO« -f 3KaOH Fc(OH)s -f- Na,.4sO. 
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Copper also precipitates arsenic in about the same way as iron, probably somewhat 
as follows 

CuCIi + H,AsO« + CaCO, -» CuIIAsO* + CaCl, + H,0 + CO, 

Arsenic can be extracted from this precipitate with NaOH very satisfactorily, the 
reaction being probably 

CuHAsO, + 3NaOH ^ Cu(OH), + H,0 + NajAsO, 

The extracted arsenic can be converted into calcium arsenate with very little 
trouble This is being done commercially at present in at least one plant in the 
United States The material started with is a speiss containing, in addition to cobalt 
and nickel 2 per cent iron, 3 per cent sulphur, and 9 per cent copper, with 40 per cent 
arsenic In this case it is evident that there is insufficient iron and copper to com 
bine with the arsenic in the calcium carbonate precipitation The metal deficiency is 
made up by adding copper hydroxide slurry The whole is precipitated with calcimn 
carbonate at pH 6 or a little less, filtered and washed on an Oliver filter Most of the 
cobalt and nickel, and a little copper, pass into the filtrate The cake is repulped 
with water, extracted with caustic soda, and again filtered and washed, the arsenic 
except small amounts, passing into the hltratc The cake from the caustic filtration 
18 repulped with water, and run to storage tanks This slurry provides the copper 
hydroxide added at the first precipitation The imlume of copper-u-on slurry accumu 
lates, and the excess over process needs is treated as follows Muriatic acid is added to 
pH 0 5 when everything dissolves except antimony and some iron arsenate Calcium 
carbonate la added to pH 3 0 when all the iron precipitates, carrying down an) arsenic 
that has escaped the caustic extraction, and all but traces of lead and antimony A 
little copper also comes down Most of the copper and any cobalt and nickel remain 
in solution, which is filtered ofi and added to the first filtrate The washed cake is 
discarded, or treated to recover antunooy, if warranted 

Separahos of Copper — Copper bos been separated from cobalt and nickel in 
various ways From a concentrated sulphate solution properly acidified it can be 
done well by electrolysis Most of the older chemical wet methods seem to have 
relied on soda ash or lime These chemicals produce, at best, a very imperfect 
separation Hydrogen sulphide in acid solution has been used, with success, but its 
jae leads to hazards that cannotreaddy be oicrcome Various other ideas have been 
advanced, most of which are impractical Perhaps the best chemical method, which 
has found successful commercial application, is based upon the hjdroljsis that takes 
place when neutral copper solution js agitated in the presence of air at about pH 6 0 
or a little higher The acid liberated is neutralized with calcium carbonate, and the 
reaction is fairly complete The reaction takes place at room temperature and seems 
to be somewhat as follows 

3CuCl, + 2CaCO, + H,0 — 2CuOHa CuCO, + 2CaCI, + 2 CO, 

The actual product contams large, but not definite, amounts of CO, The air agi(» 
tion frees the solution of CO, and carnes the reaction to completion H a complete 
removal of the copper is desired, a little excess of CaCO, must be used, which will of 
course, reinam m the final product A little cobalt and nickel vviil be carried down 
but these amounts are not important It is not known whether this is due to copro- 
cipitation or occlusion In any case it is much less than where soda ash is used 

The success of this separation probably is due to the fact that at no time is there 
sufficiently high local or general alkalmi^ to cause precipitation of cobalt or 

Lead is also earned down by this reaction, and is almost complete!} removed 
probably as a basic carbonate 
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The precipitate is granular and filters and washes with ease. The method is 
cheap and practical. The product when dried is light, fluffy, and highly reactive. 

Copper is removed commercially by cementation on very finely dhdded nickel, 
prepared by reducing green oxide with charcoal. Probably cobalt would work equally 
well. Temperature for this cementation is given as 82°C. Copper has long been 
removed by cementation on scrap iron, but this has the decided disadvantage of 
introducing ferrous iron into the solution, and in the ultimate reckoning, is far from 
inexpensive. The resultant copper is in poor condition for recovery. It is usually 
smelted. 

Separation of Cobalt from Nickel. — This separation is almost universally accom- 
plished by exploiting in various ways one single fact. In neutral solutions cobalt is 
more readily oxidized than nickel. The oxidized cobaltic compound hydrolyzes and 
precipitates and is filtered off, leaving nickel in solution. The acid liberated by the 
hydrolysis, must, of course, be neutralized, to carry the reaction to completion. 

Probably the earliest application of this reaction was the addition of bleaching 
powder and lime to the neutral solution of the chlorides (the classic Freiberg process). 

2C0CI2 + 4CaOCl. + 2Ca(OH)j + H-O -» 2Co(OH), + SCaCb 

In working with svdphate solutions, a mixture of sodium hypochlorite and soda ash 
or caustic soda was used. 

2CoCl2 -f NaOCl -b 4NaOH + H.O 2Co(OH)j + 5NaCl 

It has been done both hot and cold, but it seems fairly well established that above 
40°C. nickel begins to react readily, and coprecipitate. In any event the separation 
is far from complete. 

The procedure is about as follows: The hypochlorite is added to the mixture of the 
chlorides a little at a time and is stopped when the cobalt-nickel ratio is about 1 : 2 or 
1 : 3, when appreciable amounts of nickel begin to precipitate. The solution is filtered, 
and the residue is washed, dried, and ignited to the oxide, largely CosO«. This oxide, 
if the work is carefully done, contains 70 to 71 per cent cobalt and about 1.5 per cent 
nickel. The solution is treated further with hj^pochlorite and alkali, until no more 
cobalt remains in solution, when the slurry is again filtered. 

Only nickel remains in the filtrate. The cake, cobaltic hydrate, containing nickel 
in considerable quantity, is redissolvcd in acid and added to a new batch. 

It is further well established that this procedure sticceeds only when the cobalt- 
nickel ratio in the original chloride solution is high, i.c., perhaps 10 or 12 cobalt to 3 
or 4 nickel, and in fairly dilute solutions. The lower the cobalt-nickel ratio, the less 
satisfactory is the separation, until in the case of about 1 cobalt to 3 nickel it fails 
completch'. Probably the optimum concentration of cobalt plus nickel in the original 
chloride solution is about 12 g. per 1. Where the cobalt-nickel ratio is low, the pro- 
cedure is to precipitate the cobalt completely the first time, filter, dissolve, neutralize, 
and reprccipitatc fractionally. This procedure, in certain cases, is insufficient and 
must sometimes be repeated to produce cobalt comparatively free from nickel. 

A better separation was later accomplished by adding to the mixed chloride solu- 
tion just enough calchim carbonate to neutralize the acid formed on hydrolysis of all 
the cobalt, and passing in chlorine gas until all the carbonate was dissolved. 

4CoCI- -b 2C1- 2C0CI, 

2CoCl, -f 6H:0 2Co(OH), -f- 6HC1 

6HC1 -f 3CaCO, -* SCaCl- + 3H.0 + 300- 

The solution is held at about 20°C. for best results. Much of the cobalt precipitates 
relatively free from nickel and is filtered off, dried, and ignited to oxide. The filtrate, 
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^hich IS saturated with chlorine, is treated with calcium carbonate, whereupon the 
remaiumg cobalt precipitates, carrying down some mckel m the rat o of about 5 1 
This precipitate is treated with acid to pH 3 5 and remtroduced into a succeeding 
batch. This method also succeeds better when the total concentration is low and the 
ratio of cobalt to mckel is high 

Herrenschmidt Separations — Hie chloride or sulphate solution of cobalt and 
mckel la divided into two parts in one of which the cobalt and mckel are completelj 
precipitated by hsTiochlonte, hot The precipitate is filtered and the cake repulped 
with water Both portions are heated to boibng, and, while agitatmg, the slurry is 
added to the clear solution The foUowing reaction takes place 
Ni(OH), + Coa, -» Nia, + Co(OH), 

The addition la continued until all the cobalt is precipitated, care being used not to 
add too much of the slurry This separation is not very satisfactory, and usually 
has to be repeated sc\ eral times to ensure even moderately good results 

Ferric iron can be satisfactorily separated from a cobalt or a mckcl, or a combined 
cobalt nickel chloride, solution by the addition of freshlj precipitated l\i(OH)i or 
Co(OII)i This separation is successful if carefully controlled and the quantity of 
iron is not too great Isaturnlly the solution should not contain much free acid at the 
start (say pH 2) The iron will all be down al pH 3 5 

Copper can also bo removed m this way, completely, but some cobalt or nickel or 
both will remam in the copper precipitate 

Recovery of Nickel —Nickel remains m solution after the separation of cobalt 
At this stage of the process it is usually associated with large amounts of caletusi or 
sodium chloride or both, or, m the case of sulphate solutions, with sodium sulphate 
Magnesium should have been carefully excluded from the process Sulphate solu- 
tions CAR be concentrated and electrolyzed, and w some cases this may be desirable, 
especially if metalhc mckcl ta sought 

Usually, It will be necessary to precipitate and filter off the nickel If there is no 
calcium or magnesium present, the separation ts usually made with soda ash , all the 
nickel IS precipitated at pH 9 If calcium is present, either lime or caustic soda is 
employed the end point being the same 

In any case, filtration is a problem None of the continuous-type filters are 
suitable, and great difficulty is encountered using batch-type pressure filters One 
of the most satisfactory mstallations for this purpose consists of a senes of large 
rectangular tanks, each divided in the middle with a tight partition Twenty seven 
6 X 6 ft vacuum leaves are installed in each aide of each tank The leaves have 
bottom suction only, so they may be sucked dry 

The slurry is mtroduced into one aide of the first tank, and vacuum is applied 

to build up a cake about ^ m th/ck Thcshinx is pumped to the other eideoflhr 

tank, the volume made up mth fresh slurry, and cake built up m the same manner 
The cake on the leaves m the first side is sucked dry and washed down off the Itai w 
with water at pH 9 It is repulped by violent circulation and drawn off into a catch 
tank By this time the second side has filtered down, and the slurry is pumped hack 
into the first side, the cake being treated the same as before Tins provides a fcCi"' 
continuous filtration, the slurry or pulp delivered to the catch tank containing about 
one-tenth the amount of salt present in the original slurry 

Tlie slurry in the catch tank is run through a second filtration and repulping^ ® 
concentration of salts rcmaming being about Jfoo of that in the original slurr> 

IS repeated a third and, if necessaiy , a fourth time, when it is seen that if three cj cl« 
•wore used, the salt a reduced theoretically to Kooo ol its original concentration, and 
if four cycles, to 1/10,000 Practically these ratios are not attained, but the W8d“=i5 
IS > ery satisfactorj . 
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The resultant final slurry is run over drum driers and finally calcined to the oxide. - 
Pulverizing is not necessary after calcining the drum-drier product. The drum-drier 
product itself is a light, highly reactive hydrate (or carbonate). 

In one commercial operation, the calcined oxide is briquetted with suitable sticky 
carbonaceous material and reduced to metal in an electric furnace. The hydrate 
could be dissolved in sulphuric acid and electrolyzed. It could also be briquetted 
and reduced in an ordinary reverberatory, bearing in mind that nickel requires a 
comparatively high temperature for melting. 

Another method of removing the salts from the nickel slurry is, of course, counter- 
current decantation. This probably is quite practicable, but verj^ large thickeners 
would be necessary, owing to the slow settling rate of the precipitate. The installa- 
tion would be very expensive. 

Cobalt Recovery at Lebanon, Pa. — The original ore as mined from the Cornwall 
ore banks is concentrated magnetically, giving 64 per cent of magnetite product 
(used as an iron ore) which still contains 1.73 per cent of pyrite and some cobalt. 
This cobalt is lost. There are 36 per cent of rejects, which carry 5.63 per cent pyrite 
and 0,0856 cobalt. This reject is treated by flotation after regrinding, giving a flota- 
tion concentrate weighing 5.92 per cent of the feed and carrying 88.7 per cent pyrite 
and 1.39 per cent cobalt. The cobalt recovery is 64.7 per cent in this process. A 
concentrate equal to 1.58 per cent of the reject, high in chalcopyrite, is taken off also. 
(The copper assay is not known, but the chalcopyrite concentrate carries 4.1 per cent 
of its weight in FeSj and 0.0623 per cent cobalt). The tailing from the flotation unit 
(92.5 per cent of 36 per cent) carries 0.41 per cent FeSi and 0.0062 per cent cobalt. 

The pyrite-cobalt concentrate is burned at Baltimore for sulphuric acid, and the 
resulting cinder is then shipped to Wilmington, Del., whore it is given a ohemical 
treatment that recovers 80 per cent of the cobalt. The over-all cobalt recovery 
compared with the original content of the magnetite reject is 51.7 per cent. 

The Uses of Cobalt. — Cobalt in the metallic state finds few applications because 
its properties are much the same as nickel, which is about one-fifth as expensive. 

1. Cobalt can be dranm into wire that is stronger than either nickel or iron. It 
also has high corrosion resistance to salt solutions and alkalies. 

2. In recent years, the alloys of cobalt have found greatly increased application. 
This is due to their high red-hardness, their wear resistance, and their magnetic 
properties. The most important alloys arc as follows: 

1. Stellite, a very hard nonferrous Co-Cr-W alloy used for cutting tools. 

2. Carbolojq a tungsten carbide containing a large amount of cobalt, also used for 
cutting tools. 

3. A Co-Fc alloy containing 35 per cent cobalt, used extensively as a magnet steel. 
Mew cobalt alloys developed especially for high magnetic permeability and retention 
are now available under the name Permalloy. 

4. By replacing nickel with cobalt in the common nickel alloys it has been sho^vn 
that cobalt has a markedly stronger effect on the desired property than nickel. 

5. An alloy of 12 per cent Co and 85 per cent A1 has a tensile strength 85 per cent 
above aluminum and a hardness 100 per cent above aluminum. It is resistant to the 
action of alkalies and organic acids. 

6 . Cobalt-base alloj’S arc used as hard-facing welding rod and special cast and 
wrought products requiring resistance to abrasion or corro.sion, such as burnishing 
rollers, bushings, dental instruments, cloth and rubber cutting knives, dies, homogen- 
izing valves, refrigeration valves, centerless grinder rests, turbine-blade shielding, 
scientific mirrors, and parts for manufacturing dry batteries. 

Compounds of Cobalt. — A large percentage of the total cobalt production is 
accounted for by cobalt oxide. Commercial cobalt oxide, C01O4 assays about 70 to 
71 per cent cobalt. The impurities depend on the method of manufacture and do 
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not usually exceed 3 per cent AmixedhydratcdoMdeof cobalt and nickel containing 
small amounts of copper and manganese is satisfactory for enamel ground coats, and 
the difficult step of separating the cobalt and nickel » avoided The ratio of cobalt 
to nickel in the mixed oxide is the same as it is in tho starting material Cobalt 
oxide 13 a necessary component of nearly all porcelain enamel ground coats Although 
used in small percentages, it effectively promotes the adherence betv.eeu the enamel 
and the metal As a color oxide, cobalt produces a brilliant blue m ceramic material 
With nickel oxide, and iron oxide, it produces black Most blue od pamts contam 
cobalt 

Cobalt compounds have proved valuable catalytic agents in promoting oxidation 
reactions Cobalt naphthenate, resinate, oleate, and acetate are important pamt 
and varnish driers In this instance, the cobalt in an oil-soluble form promotes the 
oxidation and polymerization of the drying oil in the paint to form a tough and dry 
film Many organic oxidation reactions are earned out with the aid of specially 
prepared cobalt metal and oxide catalysts, usually in conjunction with other metals 
Some work has been done on cobalt plating which indicated that it is superior in 
some respects to nickel, hut cost constilcrations rule against it In addition, it 
oxidizes more readily than nickel and therefore is not suitable for heating appbances 
Cobalt compounds commercially available arc as follows cobalt oxide {71 per 
Lent Co), cobalt naphtenatc, cobalt sulphate, cobalt cblondc, cobalt acetate, cobalt 
risinate, cobalt oleate Some of the cobalt arainca have rceeatly found mdustnal 
application 

Electrolytic Cobalt -"IVlulo a good deal of secrecy is observed m electrolytic' 
cobalt operations, it is stated that electrolysis is carried on in a bath containing 
200 g per 1 of Co as CoSO^ 50 boric acid, SNaF, at a current density of 25 amp per 
sq ft, usmg lead anodes and stainless steel cathodes* Tbe maximum allowable 
concentrations of impurities are Zn, 10 Cd, 1, As*"*^, 3, As*^, 1 Sb, 10 Hg**, 
Img per 1 Up to 100 mg perl chromium is only slightly harmful and Cu, 
Fe, and Mn arc not deleterious Cobalt is recox cred from the bath, when it 
becomes too depleted, by rccristalhzing os CoSOi or as CoSOi (NHOsSO* 6Hj0, or 
by precipitatuig metals of the second group with I1>S under 2t) Ib pereq in pressure 
at pH 4, followed by the familiar iron purification It is said by another experimenter 
that the sodium fluoride can be replaced by sodium chloride and that platinum anodes 
are preferable to lead * 

It IS also claimed* that cobalt can be commercially precipitated from a cobalt 
sulphate or chloride electrolyte containing high cobalt, at 100 to 200 amp per sq m 
at 60 to TO’C , keepmg tbe electrolyte neutral by CoCOi The current consumption 
IS said to be about 2^ kvr Ar per kg of Co 
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CHAPTER XXI 


NICKEL 

By Dona-ld M. Liddell* 

Ores and Deposits. — Nickel ores are of widespread occurrence throughout the 
world. The 3 ’^ are found in almost cverj' country of Europe, in Africa, India, China, 
South America, Cuba, and in various localities in the United States. The most 
important deposits, however, occur in Canada, New Caledonia, Norwaj% and Finland. 
Compared with the first two, the Norwegian deposits are relativelj’' small, but were 
important during the World Wars, when all their production went to Germany. 
During the height of their prosperity, nearly 80,000 metric tons of ore containing 
approximately 1.20 per cent nickel and 0.50 per cent copper was treated per year.* 
The Finnish deposits which have been developed by the International Nickel Co. 
are the Kaulalunturi mines near Petsamo in north Finland near the Russian border, 
and it is reported that about 5 million tons of ore had been developed, carrjdng 3 
per cent nickel, 1 per cent copper {Mineral Trade Notes 7839, 1940). It is also 
reported that nickel ore occurs in the southeastern part of Finland in the Nivala 
district, south of Oulu, The International Nickel concession has been taken over 
by the Russian government. 

There arc some recent developments in Brazil on which no exact information is 
obtainable, but these may also be important. The lateritic iron ores of Cuba, the 
D\ilch Indies, and the Philippines may also be important future sources of nickel. 

The c.\istence of nickel ore in New Caledonia has been known since 1865, and the 
deposits have been worked since 1875. From the latter date until the end of 1915, 
about 2,245,354 metric tons of ore was exported.* Additional ore smelted on the 
island produced 26,368 tons of matte, containing about 45 per cent nickel. It is 
estimated that the contents of the ore and matte amounted to 156,394 tons of metallic 
nickel. During recent j'ears the tonnage produced has declined rapidly. Previous 
to 1881 the ores produced contained from 10 to 12 per cent nickel, but since that time 
the grade has been steadilj^ falling off until now it is about 5 per cent. In the 5 years 
1916-1920 there wore 76,113 metric tons of ore and 23,511 metric tons of matte 
ox'portcd. From the end of 1920 to the end of 1935, ore e.xports were negligible, but 
72,492 tons of matte was exported. In the 4 i’cars 1936-1939 about 29,000 tons of 
matte and over 106,000 tons of ore was c.xportcd. This of course was due to Axis 
stock piling. The ore maj' be assumed to have carried about 5 per cent nickel. 
Detailed figures have been published for the period 1927-1939 as to the matte tenor; 
72,030 tons of matte exported in those j'ears (included in the statistics given above) 
arc said to have averaged 75.8 Ni. The New Caledonia ores consist principallj' of 
noumcaitc or garnicrite, a hj'drated nickel-magnesium silicate, to which the formula 
(NijMglSiOa.IIjO has been .assigned. The ore, as mined, contains 20 per cent or 
more of hj-groscopic moisture, besides about 10 per cent combined water, and is dried 

* ConsuUinK enpim'er, New York. 

* “Mineral Industry/’ p. 8S7, 1918. 

' Report Uov*al Ontario Nickel Comiuiiiaion, p. 247. 
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before shipping A complete analj'sis representing an average of the 7 per cent ore 
after drying at 100°C la aa follow * 


P*B C*NT 


SiO, 

42 0 

MgO 

22 00 

CaO 

0 10 

AI,0, 

1 OG 

Fe,0, 

15 00 

NiO 

9 00 

CoO 

0 15 

MnO. 

0 70 

n,o 

10 00 


99 95 


The absence of copper and sulphur la particularly noteworthy The Canadian ores 
contam both and to this fact 19 due the different methods of smelting and refining 
used There is no information available as to whether or not the New Caledonia ore 
contains any of the precious metals lu any event, none are recovered 

The New Caledonia deposits of nickel are associated with a very basic rock which 
13 now largely altered into serpefltme The nickel mineral is found in small veins m 
the Berpentiae and as concretions enclosing undecomposed rock masses The gar 
nierito is an alteration product, ui which the nickel replaces the magnesia of the 
serpentine When pure, the color is green, but the presence of iron causes a wide 
variation, passing through jellow and brown to almost black The deposits are 
nlw ays found in the form of shallow beds on the slopes of spurs from the mam mouo- 
tam range of the island, and at elevations of 4(^ to 2500 ft 

By far the most important deposits of nickel known at the present day are tho«e of 
the Sudbury district, Ont , Canada Nickel ores have been discovered at a number of 
points in Canada, but from two only, besides the deposits of the principal district, 
has there been any production niese are the Alero mine on the Temiskaming & 
Northern Ontario tly , near Matheson, Ont , winch shipped ore for a number of years 
to the Mond Nickel Co ’s smcUer at Conislon, and the Cobalt silver district where 
nickel, chiefly in the mineral juceohte, is found associated with the silver, and la 
recovered as a by product at the various plants where the silver bullion is produced 
The ores are closely associated with a pre-Cambrian intrusion of nontemicro- 
pegmatite rock, which encloses an oval shaped area of later sedunentary rocks 
The longer a^is of the oval lies in a northeasterly southwesterly direction and is about 
33 miles in length The width is about 13 miles The enclosing norite ring, which 
13 acid in character toward the inner part and shades to a basic composition as it 
approaches the outer edge, has a varying width of 2 to 4 miles hlost of the known 
deposits are found at the outer or basic edge of the norite, but some important oie 
bodies known as "offset deposits’' have been worked at a distance of several miles 
from the basic edge 

The ore consists maiolj of magnetic iron pyntes, or pyrrhotite, always mixed w ith 
more or less rocky matter or gftngue, but often remarkably free from it and then 
massive and close grainetl in appearance Vanous formulas have been worked out for 
the pyrrhotite, but, on the whole, it corresponds very closely to FegS# Copper, m 
the form of chalcopjTite, CuFeSj, js always present, frequently in sufficient quantity 
to be easily distinguishable by the ^e Themckel mineral, however, is so intimstely 
associated with the pyrrhotite that, in general, nothing short of a chemical analysis » iH 
< ' Murrkl Indiutrj- p 802,1918. 
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establish its presence. By the use of a magnet on the finely ground ore from selected 
specimens free from copper, and by the exercise of a good deal of patience, it is possible 
to separate the ore into a magnetic and a nonmagnetic portion. The former will 
consist of barren pyrrhotite, while the latter will be the nickel-bearing mineral. 
Careful work of this kind has shown the nickel mineral to be pentlandite,* (Ni,Fe)iiSio, 
containing Ni 36.0 per cent, Fe 30.4 per cent, and S. 33.6 per cent. Another nickel 
mineral, polydimite, NijFeSs, is met with in some of the mines in readily distinguish- 
able masses, but, although such occurrences are very rich in nickel, polydimite is of 
secondary economic importance. Of interest only mineralogicaUy are such minerals as 
millerite, NiS, niccolite, NiAs, and gersdorffite, NiAsS, which are found occasionally. 

All ores mined contain, in addition to the copper and nickel, small amounts 
of the platinum-group metals, as well as a little gold and silver. These metals are 
concentrated during the smelting operations and are collected in the matte which goes 
to the refining process. No reliable analyses arc available of the precious-metal con- 
tent of the ores, but the following analyses- of two samples of converter matte, 1 ton 
of which represents 15 to 25 tons of ore, indicate that the amounts present in the ores 
are small: 


Ounces per ton 


No. 1 


No. 2 


Gold 

BVH 

0.256 



6.155 

Platinum 


0.988 

Palladium 


0.984 

Iridium 

0.046 

0.065 



Tliough the amount of the precious metals in the ores is not large, their recovery 
from the matte makes the International Nickel Co. the world’s greatest source of the 
platinum-group metals. 

The gangue rock associated with the ore is, in general, of two kinds, acid and basic, 
with the latter predominating. The acid rock is mainlj' granite from the foot wall. 
The norite forms the hanging wall and some is found mixed through the ore, as is also 
an associated greenstone. The analyses’ at the top of page 596 are the averages of 
a number made on each kind of rock. 

The ore as shipped from the mine seldom contains less than 30 per cent rock, and 
may have 50 per cent or more. 

Smelting of New Caledonia Ores. — The recovery of the nickel from the New 
Caledonia ores, which contain no copper, sulphur, or other element that might 
be c.xpected to add to the difficulty of treatment, would, at first glance, appear to 
be a simple matter. The method of treatment originally proposed was to mix the 
ore ndth limestone to flu.x the siliceous gangue, and smelt the mixture with sufficient 
coke to reduce the nickel and furnish the necessary heat to produce liquid slag. 
The removal of the gangue as a molten slag could be accomplished readily enough, 
but the reduced metal or “fontc,” containing about 65 per cent nickel along with 
considerable iron, proved difficult to deal with. It could not be bessemerized directly 
while still liquid, nor would it easily be broken up for further treatment after it had 
solidified. Moreover, as the coke used always contained a certiiin amount of sulphur, 

» »r. C. W. Dickson. 

> Report Royal Ontario Nickel Commission. 

* Coleman, A. P.» “The Nickel Industry*** 
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j Per cent 

j Acid 

Basic 

SiO, 

I 67 862 

52 770 

A1,0, 

1 12 688 , 

18 943 

Fe,0, 

' 1 740 

0 283 

FeO 

5 072 

9 140 

WgO 

1 164 

4 940 

CaO 

2 468 

7 617 

NarO 

1 3 956 

2 597 

K,0 

2 780 

1 330 

HjO 

' 1 050 

1 263 

TiO, 

0 456 

1 097 

PiO. 

' 0 178 

1 300 

MnO 

1 0 036 



1 99 452 

99 760 

Specific gravity 

1 2 718 

2 897 


and as this ^^as taken up with avidity by the reduced nickel, it precluded the me of 
the fonts directly as ferronickel The absence of the sulphur in the original ore 
proved to be only an apparent, and not a real, advantage ^Micn these facts came to 
be recognized, the method now in use « as adopted 

The present treatment la based on the production of a matte by adding suitable 
fluxes and sulphur beating material of some kind Gj psum is the usual source of the 
sulphur, but alkali waste, chiefly calcium sulphide, or even pjrite may be used It 
IS customarj to briquette the ores with the necessary fluxes and any flue dust that is 
recovered The briquettes,* after air drjnng, are amelted with 33 per cent coke in 
water jacketed furnaces, producing a matte containing between 30 and 45 per cent 
nickel and a slag assaying 0 30 to 0 40 per cent nickel The furnacea originally used 
had a capacity of only about 20 tons per daj , but the larger ones now operated have a 
capacity of 100 to 120 tons per 24 hr The (oUowmg analyses gi\e the composition of 
the furnace charge and the resultant slag * 


Per cent 


i 

1 

SiOj 

AUO, 

FeO 

1 

Fe,0, 

MgO 

CaO 

SO, 

H,0 

Ore 

41 50 


1 

9 19 

1 20 22 



8 11 

Briquettes 

37 40 

3 5 


11 15 

18 20 

3 5 

5 7 

10 12 

Slag 

45 60 

S 12 

10 12 j 


1 17 22 

1 

9 14 

1 

1 1 



The matte produced m the smelting operation is bessemenzed in small converters 
a siliceous flux being added to slag off the iron oxide formed The product from the 


* GovuKo Non ferrou* Metsllurer 
' Report Royal Ontario Nickel Commiamm 
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converters contains approximately 80 per cent nickel and 20 per cent sulphur, with the 
iron usually not over 0.25 per cent. It is next ground in ball mills to pass through 60 
mesh and then roasted till free from sulphur, giving practically pure nickel oxide, which 
may then be reduced to metal by means of carbon or other reducing agent. The 
nickel oxide and the reducing agent are ground together and briquetted into either 
“rondelles,” circular disks about 2 in. in diameter and in. thick, or M-in. cubes, 
to meet the requirements of the market. The reduction is carried out by heating in 
horizontal retorts to bright redness for about 48 hr. The rondelles or cubes, when 
ready for the market, contain about 99.25 per cent nickel. 

Canadian Smelting. — There' are three Canadian plants treating nickel ores: 
Copper Cliff, which produces a blister copper for refining to electrolytic copper and 
an impure nickel to be refined to pure nickel or to nickel oxide. Coniston, the old 
smeltery of the Mond Nickel Co., which produces nickel matte serving as the raw 
material for Monel metal and white metal which goes to Copper Cliff for separation 
of the nickel and copper. Falconbridge, which normally sends its matte to Kristians- 
sand, Norway, to be refined by the Hybinette process, but which is at present shipping 
its product to be refined by the International Nickel Co. 

The International Nickel Co., Ltd. — ^The latest practice described[61 is based on 
crushing all the ore and giving it a bulk rougher flotation, which recovers about 95 per 
cent of the copper and 85 per cent of the nickel. The rougher concentrate is then 
cleaned seleetively three times, splitting it into a final copper concentrate, carr 3 dng 
about 1 per cent Ni, and a final nickel concentrate. The tailings from the first rougher 
flotation are given a final flotation, which produces an impure concentrate that is 
cleaned from silica, the cleaned concentrate being added to the final nickel concentrate. 
The entire flotation tailing is finally tabled, by which some arsenides carrying pre- 
cious metals arc recovered. This arsenide concentrate is also added to the nickel 
concentrate. 

Nickel Concentrate Treatment. — The nickel concentrate is roasted in Herreshoff 
furnaces, one being placed over the burner end of each reverberatory in which the 
.smelting is done. These reverberatories are 110 X 24 ft., and the feed is 82 per cent 
calcines, 15 per cent sand, and 3 per cent scrap. All exhaust gases are passed through 
Cottrell precipitators, and the recovered dust is returned to the reverberatories. 
The matte from this reverberatory smelting goes to 13 ft. diameter Peirce-Smith con- 
verters. These are fluxed with barren sand, blown in with a Garr gun, and the charge 
Is blown to “white metal.” The product runs approximately 48 per cent Ni, 27 per 
cent Cu, 2 per cent Fe, and 23 per cent S and goes to the so-called Orford department, 
for top and bottom smelting to separate the nickel and copper. 

Top-and-bottom Smelting. — The white metal from the Peirce-Smith converters 
is smelted with sodium sulphate and niter cake in cupolas 198 in. long and 48>^ in. 
wide; the flux is reduced to sodium sulphide in which copper sulphide is much more 
soluble than is nickel. The fused product is allowed to solidify, the lighter copper 
f'odium sulphide forming the "first tops,” which carry about 40 per cent Cu and 4 
per cent Ni, and the heavy nickel sulphide forming the “first bottoms” (approxi- 
mately 65 per cent Ni, 9 per cent Cu). When cold, the tops and bottoms separate 
readily. 

Tlicse first bottoms are again smelted with niter cake or sodium sulphate, the 
second “tops” running about 15 per cent Cu, 12 per cent Ni. These are returned to 
the first smelting. The second bottoms contain about 72 per cent Ni, 2 per cent Cu, 
and go to the nickel-recovery plant. 

Tlie first tops, containing the bulk of the copper, as already indicated, are bes- 
semerized in Peirce-Smith converters, 10 ft. in diameter, 35 ft. long, with blast at 10 
lb. pressiure. The sodium sulphide oxidizes to sodium sulphate, in which neither 
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copper nor niel^fl sulphide is soluble, the sulphate going back to the smelting furDace« 
During this l>t«u the converter should be nio beloiv the temperature at which eitler 
sodium sulpl ate or sodium sulphide is \olatiIe, which results in the accumulation rf 
tome heav\ metal «coria in the comerter 

The copper sulphide after it is freed from the sodium sulphide is transfcrml to 
clay lined coniertcrs where it is oierblown to free it from nickel The bhatcr 
Btssoneetfafta 



Fio 1 —International Nickel Co *8 flow si cot 


saturated with CujO, goes to the copper refinery, while the high nickel conrrrtcf 
slag goes back to the nickel ret erbrralorics 

Cooiston Plant — The Coniaton Plant is that formerly owned by the Mond Nickc 
Co and w about 8 miles cast of Sudbury At the time of the latest aulhontati'J 
information concerning lt(Gj it had sw sintering machines, four blast furnaces ss 
fi\e Pcirce-Smith coiwctlct* The «te treateil w a coats* magwetw ore from ^ 
frooil mine, and magnetic ore from the Creighton nunc, lioth coarse and fine Dc 
high-grade matte from the Creighton ore, carrying nliout 2Ni ICu w *hipp~ 
the International Nickel Co ’# plant at Huntington, It Va , for the proilucticn <' 
Monc! metal The high-grade matte from the straight Frootl ore or from ihemutu'* 
of hrood and Creighton ores goes to the Orford plant, descnbeil aliove 
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The siatering machines are 42 X 396 in. Dwight-Lloyd carrying a 6-in. layer of 
charge. Fuel oil is used to ignite the charge, which is reduced from about 15 per 
cent to 10 S. Each machine treats about 250 tons per day of a mixture of flue dust, 
fine ore, and limestone. 

The blast furnaces are 50 X 240 in. at the tuyeres and discharge into 18 ft. diam- 
eter settlers. The furnace jackets come down only to the top of the crucibles, which 
are 24 in. deep. The crucibles and settlers are lined with magnesite brick. 

The furnace matte is converted in 13 X 30 ft. Peirce-Smith converters, using 
barren sand and low-grade ore as a flu.v, to produce white metal and a slag analyzing 
about 28 per cent SiOj. The white metal is poured into cast-iron molds, allowed to 
cool, and then broken up for shipment as already described. The converter slag is 
returned to the furnace settlers. 

Port Colbome Operations. — ^At Copper Cliff, there are two types of nickel sulphide 
(white metal) produced for the operations of the Port Colbome refinery: the so-called 
“regular” sulphide, averaging 69 to 70 per cent Ni, 27 per cent S, and 0.25 per cent 
Fe; and the “high-copper” sulphide, containing about 72 per cent Ni, 25 per cent S, 
and 0.4 per cent Fe. Most of the gold and silver in the original ore has followed the 
copper and has gone with the “tops,” but the bulk of the platinum group remains 
with the nickel in the bottoms. 

For the production of nickel oxide for the market, the “regular” sulphide is used. 
It is ground in ball mills to 0.027 in. and is transferred to lead-linedlconcrete tanks 
with filter bottoms. These tanks are partially filled with water, and the crushed 
matte is sifted in through gratings, which prevents lumping and packing. When the 
tank is filled, it is first leached with hot water to remove the sodium sulphide. The 
strong sulphide liquor is sent to storage; the dilute wash waters go to waste. 

The washed nickel sulphide is treated with 10 per cent sulphuric acid, which 
removes about 50 per cent of the iron in the nickel sulphide, i.e., the iron will be 
reduced from about 0.25 to 0.12 per cent. Some nickel is also dissolved, so that the 
solution from this step must be treated to recover the dissolved nickel. 

The leached oxide is roasted in Edwards furnaces ■where in the mechanically 
operated hearth the sulphur is reduced from 27 per cent to less than 4 per cent. The 
material is mixed at this point with sodium chloride and is roasted at a low tempera- 
ture in a hand-rabbled hearth. This chloridizcs most of the copper and a small 
amount of nickel. The roasted material is leached in the same way as was done to 
remove the sodium sulphide, the strong leaches being treated to recover the copper 
and nickel, the weak washes being used for the first wasliing of further chloridized 
sulphide. 

The leached chloridized material has a greenish tinge and is known as “green 
oxide.” It contains about 77 per cent Ni, 0.1 per cent Cu, and 0.4 per cent S. It is 
roasted at about 2300°F. after mixing it -with soda ash to remove most of the sulphur. 
It then is again leached, and after leaching it contains about 77.5 per cent Ni, 0.25 
per cent Cu, and 0.005 to 0.008 per cent S, in which condition it is known as black 
oxide. The nickel and copper in the acid leach of the sulpliide and in the chloride 
leach of the black oxide arc recovered by precipitating them with the sodium sulphide 
from the first hot-water leach. The precipitate is recovered by filter pressing and goes 
back to the Copper Cliff smeltery. 

"High-copper” sulphide for the production of anodes undergoes the same leaching 
treatment except that it is not ground so fine. After being dried, it is sintered on 
Dwight-Lloyd machines to give a product containing not over 0.4 per cent S. 

Sintering Operation. — In this operation it is neccs,sary to return a large amount of 
the sintered material, since it has been found that in order to secure a 0.4 per cent S 
product the feed to the sintering machines cannot be over 6 per cent S. Conse- 
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quentVt returns must be used to dilute to this sulphur content Oi\ fired 

muffles are used to start the ignition, and coLe breeze is mixed with the charge to 
assist combustion Nickel sulphide (lugh copper) for the nickel refiaerj at Cljdaeh 
Wales 13 partially processed at Port Colboine It is crushed, ground, and leached 
just as in the ‘regular’’ sulphide treatment, and then is partially roasted m an 
Edwards all mechamcal furnace to a sulphur content of 6 to 7 per cent It la then 
shipped in barrels to the refinery at Clydach 

The crude oxide or sinter is crushed to f^-in mesh and is mixed with crushed low 
ash bitummous coal in a drum mixer Thismixiflchargedintooil firedreverberatories 
The oxide is reduced to metal, melted, and worked to flat pitch, then tapped into 
anode molds and sent to the electrolytic department 

If pure nickel oxide la being worked with, such as the precipitate from ammonia 
carbonate leaching, it is mixed into a paste with flour and made into pellets that are 
heated m retorts with charcoal for 48 hr at 1200 to 1300®C , for the production of pure 
nickel 

Electrolytic Department — The anodes produced from the crude sinter carry 
approximately 95 per cent nickel, 2 to per cent Cu, 0 75 per cent Fe, and 0 7o per 
cent S The anodes are cast with lugs for supporting them in the tanks and are about 
27 X 36 in , weighing 480 lb each Fourteen anodes are placed in a tank 

The electrolytic tanks are constructed of reinforced concrete, mastio-hned, and are 
built m pairs The electrolyte contains about 40 g Ni, 20 g bone acid, and 3o g 
NaiSOi per liter The cathodes are placed in compartments made of canvas on 
wooden frames and the punfied electrolyte is fed into the cathode compartment Tbe 
anolyte flows out through rubber pipes built into the tanks 9 in above the bottom, and 
discharging at the top through spiU boxes fitted with wooden weirs 

The electrolyte is kept free from copper by cementation in wooden pachucaaon 
gram nickel Several of these tanks are used in series The overflow from the Isat 
pachuca tank goes through a Dorr thickener, and any gram nickel earned overgoes 
back to the first pachuca The solution from tbe Dorr thickener then goes through s 
act of tanks into which air is blown, which oxidizes and precipitates the iron as basic 
sulphate and as hydroxide, along with some nickel The solution is then filter pressixl 
and returned to the electrolytic circuit The gram nickel used in the pachucas is 
produced by reduemg nickel oxide with water gas at a temperature below the intltoj 
point of nickel 

Starting-sheet Manufacture — Startmg sheets are produced by plating nickel 
on aluminum or stainless steel blanks The thm sheets after stripping are fitted with 
Buspenaion straps or loops cut out of startmg &eets and attached by spot welding oc 
clamp punches 

Mond Process — The coarsely calcmed matte from Port Colborne is first roasted 
to about 1 per cent S, and is then ready for the refining process In prmeiple thm 
consists of a reduction to metalhc nickel by a mixture of hydrogen and carbon wonot 
ide, the volatilization of the mckel as mckel carbonyl, Ni(CO)( and the decoopon 
tion by heat of nickel carbonyl into nickel and carbon monoxide In practice the 
calcined ore passes through six reducers m serves, then through six volatilizers m 
senes, which volatilize about one-third of the nickel as carbonyl The rcsiduiu 
material is mixed with a little fresh material and passed through two more reducer! 
and four volatilizers and then receiv® a final reduction m one reducer and then passe* 
through three more volatilizers[6) 

On the basts of about 5 hr ineachreducCTand 16hr m each volatJirer, this mes"» 
about lOJ^ days for the passage of the ore through the plant 

The reducers are vertical gastight structures, built up of 21 cylmdrieal ensl ircn 
sections, 6 ft m diameter, with a central hole 22 in in diameter la 
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box or section is fitted a horizontal cast-iron plate with a central hole and six 
supporting lugs, which fix the plate in the middle of the box. A central 
vertical shaft carries and rotates a series of scrapers on each box and plate. The 
material falls on the top plate, is pushed to the outer edge by the scrapers, and thence 
falls to the bottom of the first box. From this position it is pushed to the central hole 
tbroxigh which it falls to the next plate, and so on, until it enters an exit conveyer at 
the bottom. 



Flo. 2. — Mond-process flow sheet. 


A reduction temperature of 350 to 400'C. is maintained by a hot-air circulating 
system. Theoretically, the reduction is interesting in that it takes place at so low a 
temperature that the earbon monoxide effects only about 3 per cent of the reduction 
and the hydrogen about 97 per cent. Tlic reaction with the hydrogen, although 
endothermic, is, at the temperature employed, twenty to foi ty times as rapid as is the 
exothermic reaction with carbon monoxide. The result of this relationship is to give 
an end g.<is tlmt is high in CO after condensing the water-vapor out of it and, hence, is 
admirably suited for \isc in the volatilizcrs. 

The volatilizcrs are similar in design to the reducers e.xcept that no axternal heat 
IS norcs.sary. The reaction is exothermic and radiation must be cmploj-ed to keep the 
temperature from rising about the optimum of G0°C. The reduced material travels 
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down through the volatilizers, where it comes m contact with the high CO gases, 
travehng upward 

Decomposition of Nickel Carbonyl — In the decomposmg apparatus the nickel 
carbonyl comes into contact with nickel pellets heated to a temperature of about 
180®C The nickel is deposited on the pellets, and carbon monoxide is Lberated 
Close temperature control is necessary, for above 200“C the carbon monoxide begins 
to break down into carbon and carhem dioxide 

The decomposer is made up of a cylindrical cast-iron base m two pieces, carrjmg 
SIX cast-iron decomposer boxes, one above the other Each box has an external gas 
ring with burners, and is heated by producer gas Each decomposer is filled with 
about 9 tons of nickel pellets before being put in circuit The bottom box is fitted 
with a conical piece through which the pellets flow, past an adjustable baffle plate to a 
bucket elevator that returns them to the top The pellets grow as they circulate and 
the larger pellets are screened out of the circuit 

The incoming nickel carbonyl gas is supplied to a central vertical tube and pa-ises 
from this through shielded outlet holes in the middle of each decomposer box After 
percolating between the pellets and depositing its nickel, the gas leaves through a 
water-cooled outlet rmg placed between each pair of boxes, is collected m a common 
vertical mam, and is recirculated through the volatihzers in a closed circuit, wastage 
being made up with carbon monoxide formed by the decomposition of liquid nickel 
carbonyl supplied by the 80>cslied “medium pressure plant ’’ 

Medium-pressure Plant— The material discharged from the thirteenth volstilner 
(see page 600) is recalcmed and fed to the medium>pressure plant Here it again 
passes through reducers and is then charged to a number of pressure volatilizera, u 
which It is subjected to the action of gases containing about 60 per cent carbon monox 
ide at a pressure of 300 lb per sq in The exit gases from these volatiluers pssa 
through coolers, where the bulk of the niekel carbonyl is condensed as a liquid The 
residual gases arc expanded to atmospheric temperature, and the residual nickel fi 
recovered m decomposers of the standard type The liquid nickel carbonyl is then 
used for the production of make-up carbon monoxide[6] 

The Hybinette Process — This process was employed by the British American 
Nickel Cotp , at its refinery at Deschenes, Quebec Bessemer matte of the followittg 
composition — Ni, 53, Cu, 28, S, 18, and Fe, 0 25 per cent — was produced at the com 
pany’s smelter at Nickelton, Ontario The matte was granulated and shipped to the 
refinery The granulated matte was screened through 10 mesh and charged into 
cementatinu tanks, through which flowed the foul electrolyte from nickel plating 
tanks Bessemer matte was aemimetallic, and the metallic portion cemented the 
copper, an equivalent amount of nickel went mto solution To facihtate this metal 
transfer, each tank was equipped with hard lead steam coils (about TO^F is neccssorj) 
The caqq^er opposite 

directions through a heat mterchangcr in which a part of the heat in the purified Iquor 
was transferred to the foul liquor before entering the cementation tanks 

The spent matte from the cementation tanka, then containing about 44 per cent 
Cu and 38 per cent Ni, was excavated and sent to eight-hearth Wedge roasters, and 
roasted to about 1 per cent S The hot calcines passed over a screen, the oi-crsue 
was crushed and returned to roasters, and the fines were dischaiged mto s launder 
through which Icachmg solution conveyed them to leaching tanks of about 90-loa 
capacity This leachmg solution was dqileted electrolyte from the copper plating 
tanks (30 g per 1 of Cu and 80 g per 1 of HjSOi) 

The copper-ennehed solution from liHiehing tanks (Cu, 50 g per 1 , and HjS * 
50 g ) passed through clarifying cones and thence to a senes of three-tank ® 
electrolytic deposition tanks These tanka were lead Imed and contamed eight ca 
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odes and nine lead anodes. The overflow from the third tank of the series returned 
to roaster launders as leach liquor. 

As a certain amount of nickel was dissolved with the copper and accumulated in the 
copper leach liquor or electrolyte, a portion of the spent electrolyte was continuously 
removed and passed through a separate series of plating tanks, where the copper was 
practically all removed. This copper-free solution was evaporated and the nickel 
crj-stalHzed as single nickel salts (NiS04.7H«0). Mother liquor, rich in acid, was 
returned to leaching tanks. 
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Fig. 3. — British-Amcrienn Nickel Co.’s flow sheet. 


The nickel electrolyte was also continually enriched with nickel in the cementation 
tanks, where the copper cemented on the matte was replaced by an equivalent amount 
of nickel. It was necessary, therefore, to withdraw continually portions of the solu- 
tion, which was evaporated and crj’stallizcd as above. The leached, roasted matte 
was excavated, mixed with coke breeze and limestone, and melted in a three-phase 
resistance furnace. The metal was tapped intermittently into a brick-lined ladle 
and poured into cast-iron anode molds (24 X 36 in.). Anodes contained about 
65 per cent Ni, 29 per cent Cu, and 0.40 per cent Fe. 

The anodes were encased in bags to catch slimes and suspended in lead-lined tanks 
(36 anodes and 35 cathodes). Cathodes consisted of iron or copper plates (24 X 36 
in.) suspended in “Hybinette bags,” consisting of wooden frames with canvas sides, 
acting as diaphragms. 

Copper-free nickel electrolyte from cementation tanks (previously described) was 
fed to cathode bags through rubber tubes from a lead header at a rate suflicicnt to 
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maintain a head of about 1 in over the level in the anode compartment This v, as to 
prevent anolyte containing copper from flowing into the cathode bags and contami 
nating the nickel Nickel sheets weighing about 30 Jb were stripped from cathodes 
about every 10 daj s, washed with dilute sulphuric acid, and cut into small squares for 
shipment Or they were melted in the electric furnace and cast mto ingots 

Electrols^ic nickel analysed about Ni, 9S 25, Co, 0 75, Cu, 0 03, Fe, 0 50, C, 0 ID, 
and Pb, 0 20 per cent 

Anode scrap was remellcd and cast into molds Slag from the melting furnace 
was shipped back to the smelter for re-treatment Slimes from the anode tanks were 
treated for the recovery of precious metals 

Origmsllj the cathodes were painted with graphite before being placed in the 
tanks, but a dip m sodium sulphide solution nas found to result m easier stripping 
and smoother deposits Frequently, however, patches of nickel were hard to detach, 
and when the cathodes were replac^ in the tanksi, trees grew ground their edges If 
dipped m sodium sulphide, these patches became permanent, or nearly so, and in this 
case, graphite was used on the cathode surface, being omitted m the nickel patch 
The latter usually then came off with the next deposit, when the sodium sulphide dip 
would again be used 

Nickel starting sheets were experimented with, but m so acid an electroljie, inter 
nal stresses were set up that made the sheets curl when stripped and rendered them 
useless as starting sheets Mlnle a separate startmg-shect section might hsie cured 
this, it seemed an undesirable conphcatiOD 

Alummutn sheets were also expenmented with The difficulty was m tasking the 
plates just rough enough to strip eaaily without having the deposit flake oS m the 
tank Light sandblasting at frequent interyaU kept the plates in this condition 

NICEEL RECOVERY METHODS ON OXIDIZED ORES 


Ore Reserves — Apart from various deposits of completely oxidised ore whew 
there is little heavy metal content except the nickel itself, there are immense bodies 
of latentic iron ore m various parts of the worldi Cuba, Puerto Rico, Gold Coast, 
Greece, Celebes Islands, Java, and the Philippine Islands Probably the most 
important are the Cuban deposits, where some authorities have estimated as high as 
3,000,000,000 tons of latentes carrying m the neighborhood of 1 per cent of mckek 
An outstandmg feature of the roetallurgic experimentation of the last few years 
has been the attempt to treat these ores for recovery of the contamed nickel 

Over 100 different patents have been taken out covering these processes Space 
limitations prevent an exhaustive survey, bo it is the author’s mtention to descnbeonlv 
four which are based on radically different procedures These are ammonia aramo- 
mum carbonate leaching as exemplified in the Caron process and its development b\ 
the Freeport Sulphur Co , the volatihzsttao of nickel as nickel carbonjJ, selective 


chlorjdizing; and selective sulphatization 

Freeport Sulphur Process —This project of the Freeport Sulphur is the most 
ambitious attack, that has ever been made on the problem of treating latentic 
The ore is reduced by a mixture of carbon monoxide and hj drogen and then is cooled 
to the temperature at which nickel carbonyl might be formed in such a concentrstwn 
of carbon monoxide that nickel carbonyl is not formed in perceptible quantities The 
reduction temperature is stated to be about 800 to 850*0 

The ore after cooling is treated with a mixture of ammoma and ammonium ca 
bonate The ore must be kept from oxygen until after the solvent is in contact w 
It, but after the solvent is applied, some aeration or oxygenation is necessary m or er 
to cause the nickel and cobalt to dissolve The nickel apparentlj goes into solu 
as NiCOj 3NHj After filtration, the solution is heated and basic nickel earbonst* 
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precipitated. Pawel states {Mining and Melallurgg, August, 1943, page 360) that the 
nickel can also be easily deposited in metallic form by electrolysis of the solution and 
that if this process is followed there is less likelihood of losing ammonia than there 
is in drmng off the ammonia and then condensing it. The greatest difficulty in the 
process is this matter of ammonia losses, either through nonrecovery of the ammonia 
driven off by heat from the solution, or adsorption losses from ammonia clinging to tho 
finely divided iron oxide of the ore. It is possible in laboratory work to separate the 
cobalt and nickel by careful control of the heat, but it has not been proved that this 
can be done on the commercial scale. ^ The finely dmded nickel oxide absorbs sulphur 
readily, and if it is dried in contact with combustion gases containing SOj or SO3, an 
impure product will result. 

Nickel Carbonyl Processes. — The Simpson process (U. S. patent 2212459 of Aug. 
20, 1940) is based on one of the most e.xtensive sets of e.xperiments ever run on tho 
treatment of nickel ores by the carbonyl process. The ore is reduced and the reduced 
ore is treated with pure carbon monoxide at 40 and 80°C., which forms Ni(CO)« 
mixed with a very small amount of rc(CO)t. The nickel carbonjd is fractionally 
distilled from the iron carbonyl, and the temperature is raised, decomposing the 
nickel carbonj’l into nickel and carbon monoxide. This decomposition is usually 
carried out at about 200°C. The reduction takes place at about 500 to 700°C. using 
water or producer gas as the reducing agent (U.S. patent 2221061). 

This whole process is of course an extension of the classic work done by Dr. Ludwig 
Mond, on which he based his British patents 12626 of 1890 and 8083 of 1891, his 
original processes still serving for the refining of nickel at the Clydach Works in Wales. 

It maj' be noted also that the celebrated James Dewar worked on this process, 
investigating particularly the effect of pressure on the decomposition temperature of 
nickel carbonyl. 

Chlorine Process. — Many inventors have worked with the idea of chloridization, 
tho earliest American patent known to the author having been taken out in 1909 by 
Adolphe Seigle. The w’ell-known German metallurgist C. A. Brackelsbcrg took out 
a selective chloridization patent as early as 1914. Both Charles Hart and E. W. 
Wescott worked on chlorine volatilization processes. Wescott completely volatilized 
the iron as ferric chloride, nickel and cobalt chloride being left behind. Hart vola- 
tilized only a portion of the iron, which he recovered ns Wescott did also, by burning 
the ferric chloride to ferric oxide and chlorine, leaving a residue greatly enriched in 
cobalt and nickel (and chromium il present), w'hich he proposed smelting to ferro- 
nickcl or to 18-8 stainless steel. Unfortunately there is a tendency to form basic 
chlorides so that the residue is not admirably adapted to blast-furnace smelting. 

’ That selective chloridization has been considered has been spoken of above. A 
great number of these processes have been patented, of which the best in the author's 
opinion is the process of E. W. Wescott (U.S. patent 2036664 of Apr. 7, 1936). The 
ore is treated with a mixture of gaseous hydrochloric acid and water vapor between 
180 and 300°C. If the temperature is too low, there is excessive chloridization of the 
iron, which is also the case if pure hydrochloric acid is used. Under tho conditions 
laid down by the inventor, there is little chloridization of the iron, and what ferric 
chloride is formed is decomposed by raising the temperature and admitting steam 
and hj’drogen. The nickel and cobalt remain as soluble chlorides and can be leached 
out. 

Selective Sulphatizing. — This idea also has been worked on very considerably. 
The earliest work known to the author is that of F. A. Eustis and C. P. Perin (U.S. 
patent 1185187 of hlay 30, 1916), but the work of C. P. hIcCormack is probably 
better known today, though the basic principle of the inventors is the same. In the 

* It U claimed this has now been demonstrated (June, 19-15). 
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McCormack process (U S patent 1575852 of Mar 9, 1926), lateritic ore is ultimately 
mixed with sodium carbonate or eodiumhjdroxide and the mixture given a roast under 
oxidizing conditions Alumina forms eodnim atuminate, and the chromium is oxidized 
and combmcs nith the soda to form sodium chromate These are leached out with 
hot water and the alumina precipitated by means of carbon dioxide Sodium chro- 
mate 13 crystallized from the mother liquor The leached residue is then mixed with 
P 3 rite and agam roasted, the roast gases being recirculated over the roasting ore 
At temperatures between 450 and 750*0 the nickel has mote of a tendency to sol- 
phatize than has the iron and theoretically, a good separation can be effected of the 
soluble mckel sulphate from the insoluble iron oxide, however, at least in the author s 
experiments, the separations are not sharp and the hand labor involved is large 
Shortly before the outbreak of the present war the Phihppmc government made a 
large-scale test of this process, but apparently did not adopt it, for the treatment of 
the Sungao ores 

Ralph F Meyer and Alan Kiasock have also done important work on diSerential 
sulphatizing 

Direct Smelting Processes — In some parts of thewotld ntedeposits of nickelwhere 
there is practically no other heavy metal present Experiments have been made on 
these ores, smeltmg them to produce a calcium alummum-silicate slag and a ferro* 
nickel with what uon is present, or if necessary, adding a little iron, using the electric 
furnace for this w ork The greatest trouble has been that if any sulphur were present 
either m the ore or m the reducing agent it was all found m the metal produced 
Before the war the Germans smelted large amounts of ore containing nickel, iron 
and chronuutn for the production of an alloy of iron, chromium, and nickel The 
chromium was blown out and eventually recovered from the slag os high carbon 
fetrocbromiuni, while the residual nickel uon was used for the production of mckcl 
steel and the like A discussion of the means by which the chromium content in the 
ferronickel was held down and a faigh-chromium slag produced would involve a long 
excursion into ferrous metallurgy, and hence is omitted here 

The sulphur dioxide leaching of mckel ore was reported to have been experimented 
with by the Soviet government quite extensively in 1929 to 1931, but it is reported 
that the experiments did not indicate that the process would be economic on a large 
scale 

Reduced Nickel — A special product produced at the Huntington plant of the 
International Nickel Co is so-called reduced mckel Reduced nickel is metallic 
nickel in a finely granular form, produced by reducing the black oxide of nickel 
with charcoal at a temperature slightly below 1500“F It is dull gray and magnetic 
It is of use where a highly soluble form of nickel is desired and where the granular 
form IS acceptable One of its large uses is in the manufacture of nickel salts A 
‘lypica'l analysis ol reduced mckel is as foRows Cu, 0 26, Ni 97 FD, and sdichJft; 

Ni, 95 80 per cent 

The wet oxide to be reduced is mixed by piling and turning with about 30 per cent 
of its weight of ground charcoal The mtimate mixture is then charged into an oil 
fired roasting furnace with fiat rectangular hearth and working doors on each side 
which allow hand rabbling of the charge during the reduemg process 

The charge in the furnace w leveled off to a depth of about 4 in The oil burner is 
then hghted, and heat is gradually applied to the charge It is rabbled every 30 mm 
to ensure even heatmg and to work the charge toward the front end of the furnace 
Additional charcoal is added before the final rabble, or after about 3)^ hr , and then 
the charge ls drawrn into iron drums, covered with charcoal, and sealed 

The drum is allowed to cool for at least 24 hr The seal is then broken, the matermi 
dumped on the floor, screened through in mesh wuc screen, and put through mag 
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nctic separators to clean it from charcoal. The separated reduced nickel ready for 
shipment is rather finely granular. A screen test shows that on an average , 

90 per cent passes 10 mesh 
80 per cent passes 20 mesh 
50 per cent passes 50 mesh 
20 per cent passes 100 mesh 
10 per cent passes 150 mesh 

This product is put up in barrels, weighing about 1000 lb. each, and is then ready 

for shipment. _ _ _ i i • 

ProperUes and Commercial Applications. — Nickel is a silvery-white metal having 
a strong luster. It is malleable, ductile, somewhat magnetic, harder and stronger 
than iron, resistant to abrasion, and of high melting point. It is very highly resistant 
to the action of air, water, nonoxidizing acids, fused alkalies and salts, either fused or 
in aqueous solution. It is also remarkably resistant to oxidation at high tempera- 
tures. It has a magnetic transformation point occurring at about 320°C. in com- 
mercial grades. 

While nickel is primarily divalent, a few relatively unstable compounds are known 
in which it is trivalcnt. A peroxide (NiOi) is also known. Nickel is, with cobalt 
and iron, a member of the eighth group of the periodic system. Its atomic weight is 
58.68. In normal solutions of its salts, nickel has a solution pressure of about 0.6 
volt against the calomel electrode. Its electrochemical equivalent is 0.30425 mg. per 
coulomb. 

Nickel and its compounds exhibit strong catalytic activity in all types of reactions, 
as illustrated in its commercial use for the hydrogenation of oils. 

Metallic nickel gives to its alloys strength, ductility, and resistance to corrosion. 
With such metals as copper and gold it acts as a powerful decolorizing agent. 

Distribution of Nickel. — Nickel is widely used industrially. Arranged roughly 
in order of their relative importance from the tonnage standpoint, the paths of 
distribution for nickel are; as nickel steel. Monel metal, nickel-silver and copper- 
nickel alloys, electroplating, nickcl-chromium-iron "heat-resisting” alloys, malle- 
able nickel, coinage, nickel salts for catalysts, etc., and nickel oxide for use in the 
ceramic industrj'. 


T.imuK 1. — CoM!vTERCi.M, Non-maweable Grades of Nicker 


Grade 

Form 


Analyaes, per cent 


Uecfl 

Ni-Co 

Cu 

C 

Fo 

Si 

s 

Electrolytic* 

24" X 30" - 1001b. 


■ 

Tr 

15 

Nil 

Tr 

Higheat-grndc malleable 

Shot: 



plates 

Granulated in water 

99.15 

0.18 

1 

3S 

10 


alloys 

Non-ferrous alloys and 

“XX" 

Granulated in water 

Q| 

O.OS 

10 

25 

05 

O.OOS 

crucible nickel steel 

■■A" 

Granulated in ^^Titer 



45 

38 

22 

0.025 

Platers* anodes 

••F" 

Granulated in water 

91.75 


30 

1.85 

5.75 

0.025 


Ingot or pig. 

25-50 lb. pig 


cqKl!] 

03 

45 


0.035 

Open-hearth or electric 

Kedueed nickel oxide 

Powder 

98.76 

O.J5 

... 

50 


.... 

furnace steel 

Nickel salts 


* Electrolytic nickel is nmllcnble, but is seldom uswi for this jiropcrty. 
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Nickel 18 marketed in various forms, depending on the use to which it is to he pu^ 
Ihese arc (1) grains, cubes, rondcllcs, or powder, reduced from the oxide at low 
temperature without being fused, (2) nickdshot, nickel deposited in concentric laicrs 
from nickel carbonyl (gaa) without being fused, (3) electrolytic cathode sheets (4) 
blocks or shot obtained bj reducing nickel oxide at temperatures above the melting 
point of nickel and casting the resulting metal or pouring it into water, without 
deoxidation (5) malleable nickel, produced in the same manner os (4) except that it 
IS treated with a dcoxidiacr before pouring (C) nickel salts, (7) nickel oxide 
Most of the commercial production of nickel falls m class (4) 

Malleable Nickel — 1 he propcrliea of malleable nickel at ordinary tempt ralurcs 
arc given in Tables 2 and 3 and at clesatcd temperatures in Table 4 

Iabli 2 — PiiYsifAL PnopinTtri or MAiiEAnii (00 Ptn Cent) Nickel 
(Coinincrcially pure uickcl) 

Density (specific gravity) 8 8^ 
eight per cubic ineh 0 310I1> 

Melting point 1450'’C (2&IO’r) 

Shrinkage (pattern) '4 in per loot 
Linear coefiicienl of thrrmal expansion 
25 to lOO’C 0 0000130 per degree 
25 to 300°C 0 0000145 per degree 
25 to C00*C 0 0000155 per degree 
Llectncal resistivity 01 ohms per mil ft (IOC miehrom rm ) 

Conductivity about 10 per cent of that of eopper 

CocfBcicnt of electrical resistivity OOOtl per degree centigrade or 0 0023 per 
degree Fahrenheit 

Optical reflection coefficient 05 per cent 

Thermal conductivity 0 14 e g s units (about 17 per cent that of copper) 

Specific heat (20 to H00*C ) 0 130 cat pet g 
Latent heat of fusion 73 cat per g 

Magnetic induction at 100 gausses field strength 50(X) gausses 
Young s modulus of elasticity , 30 000 000 lb per sej in 
Torsional modulus 1 000 0001b persq in 
Poisson 8 ratio, 0 33 


Table 3 — NfLcHAMCAL Propertils or 99 Per Cent Nicefl 
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Nickel and some of its alloj’s retain their physical properties to a relatively high 
degree at elevated temperatures. The data of Table 4 were obtained by the Inter- 
national Nickel Co. 


Table 4. — Propeiities of 99 Per Cent Malleable Nickel and of Some of Its 
Alloys at Elevated Temperatures 


Temper- 

ature, 

degrees 

Fahren- 

heit 

Rolled 

“A” 

nickel 

Hot- 

rolled 

hloncl 

metal 

20 per 
cent 
Cupro 
nickel 

Temper- 

ature, 

degrees 

Fahren- 

heit 

Rolled 

“A” 

nickel 

Hot- 

rolled 

Monel 

metal 

20 per 
cent 
Cupro 
nickel 

Tensile .strength, 1000 lb. per sq. in. 

Yield point, 1000 lb. per sq. in. 

■1 

81 

81 


70 

24 

32 



82 

80 


200 

24 

31 


1 iB 

8*1 

79 


400 

24 

29 


W> 1 >■ 

83 

78 

51 

600 

23 

28 


KiiB 

83 

71 

41 

800 

21 

27 


■niiH 

58 

51 

30 


19 

23 



45 

30 

18 

1200 

17 

18 



30 

22 

6 

1400 

13 

. 12 


icon 

17 

15 






1800 

11 

8 






2000 

8 

5 






Elongation, per cent in 2 in. 

Reduction of 

area, per cent 

70 

51 

46 

28 

70 

70 

69 


200 

51 

45 

27 


68 

68 


400 

52 

44 

26 


68 

66 


(iOO 

51 

51 

24 


68 

64 



50 

52 

22 


66 

62 



50 

29 

17 


75 

31 



48 

34 

14 

I }« 

76 

15 


1400 

50 


23 

^^B [[« 

78 

10 


1600 

33 


27 

^^^B [ i « 

32 

15 


1800 

36 


. , 

: 1 

40 

25 


2000 

70 



i'll 

99 

29 



Malleable nickel is the only grade in the production of which deoxidizers are used. Deoxidation 
is accomplished by the addition of manganese and magnesium in the crucible or ladle before pouring into 
ingots or castings. The carbon content is adjusted to 0.10 to 0.30 per cent by adding charcoal or nickel 
oxide and the rnetal raised to pouring temperature (2800 to 3000®P.). If an electric furnace be used, 
the deoxidizers should be added in the furnace if possible. Manganese is added first, cither as such oi 
.as ferromanganese, to the extent to 0.25 to 2.0 per cent. Magnesium U added to the extent of 1.5 oz. 
per 300 lb. of nickel. It must he held in tongs and plunged below the surface of the molten metal and 
an excess must be avoifletl. 


The commercial forms of malleable nickel arc: hot-rolled and cold-rolled sheets; 
hot-rolled and cold-dravui rods; cold-rolled strip: seamless and M-elded tubing; pipe; 
wire; forgings; castings; and fabricated forms, such as screen, filter, and wire cloth, 
and wool. The metal may be machined, welded, forged, or brazed. 

At least 12 countries use nickel for subsidiarj- coinage, and it is largely used for 
household and ornamental stampings and fittings. 

For its resistance to corrosion it is used extensively for cooking utensils, dairy and 
food-lmndling machinery, laboratory apparatus and equipment for operatiens, diges- 
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tiona, evaporation, and transport m the manufacture of djea and intermediatea, 
essential oils, etc Kettles, stills, tuswm pots, especially for cyanide fusions, and other 
apparatus arc made of malleable mckel, castinj^ of n Inch are quite general for heavy 
equipment of this tj^pe Some nickel is uswl for valve trim 

For its resistance to oxidation at high temperatures, nickel la used as hcat-rcsistiag 
castings, parts of glassmaking machinery, lehrs and annealing furnaces, burner part*, 
as niro for spark plug electrodes, suspension wires of clcctnc light bulbs, resistance 
pj rometer tubes and for combustion boats used in the reduction of tungsten and 
molj bdcnum oxides Kickcl wire with high manganese content is practically stand 
ard for spark-plug electrodes The "D” nickel of the International Nickel Co con- 
tains 3 to 6 per cent manganese It has a specific rcsistis itj of 20 microhms per ce 
and a temperature cocfTieient of 0 0020 per degree centigrade 

Itabble shoes of cast nickel, exposed in fxlnards-type roasting furnaces to sulphur 
i 2 mg and oxidising gases at GOO to 1000*C and to severe alirnajon outlast cast-iron 
shoes about four and a half times 

Electroplating — Substantial quantities of nickel arc consumed m such operations 
the major portion of which is consumed m the form of platers' anodes which vary m 
nickel content from 85 to 99 per cent The chief impurities contained are iron and 
carbon, which tn some eases is added cspcciany to promote rate of corTo«ion The 
modem tendency, how c^ er, in these operations ta tow ard the higher purity product 
Nickel platmg is used (or improving in appearance and protecting from corrosion the 
base metal to which it is applied Deposits can be effected satisfactorily on iron, 
brass, copper, zinc, and many of the common alloy’s 

Ilelatively only a small amount of nickel is uscti in nonmetallic combinations The 
sulphate and the double-animonium sulphate arc used in nickel plating, while tbo 
carbonate, nitrate, and formate arc used as sources of reduced nickel for catalysts in 
chemical processes Tlic oxide is used sometimes for the under, or holding, coat in 
enameling steel and for coloring glazes in pottery manufacture The hydroxide 
is used m the Fdison alkaline storage cell, where it is reversibly altered to nickclie 
hydroxide during charging and discharging 

Nickel-copper Alloys — Nickel and copper arc mutually soluble in all proportions, 
gmng solid solution alloys that are malleable both hot and cold Tbs malleability 
IS obtained by the use of deoxidizers m the same manner as for mckel Alloys low in 
nickel have a characteristic pinkish color, which fades progressively until at 25 per 
cent or more nickel the color is similar to that of pure nickel 

The alloys used commercially range from 2 5 to about 70 per cent of mckel For 
special properties, characteristic of the alloys of didcrent nickel content, they are used 
for driving bands for shells, bullet yackets, condenser tubes, resistance to corro'ion 
and erosion, turbine blading, coinage, valve ecats and parts, resistance and pyrom 
eter wire, and remelting purposes Most of the alloys are known by special names 
m the industry More complete information la given m the references cited m the 
Bibbography at the end of this chapter 

Monel Metal — hlonel metal is the trade-marked name of a nickel-copper alloy 
which contains approximately 67 per crait Ni, 28 per cent Cu, and 5 per cent of con 
stituents of lesser importance, chiefly icon and manganese It was onginally a 
natural alloy, there being no separation of the two major constituents nor alteration 
of their relative proportions in the process of reduction from the ore in which both 
occur, but it is now corrected to a constant composition This alloy resembles nickel 
m color, finish, and properties It combmes, in a single alloy, high mechamcal prop- 
erties with, resistance to corrosion, oxidatum, and erosion Its mechanical properties 
are retained to a large extent at elevated temperatures, as may be seen m 
Table 4 
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This metal may be rolled, dra-rni, cast, forged, machined, welded, and soldered. 
It may bo had in the form of pig, shot, hot-rolled and cold-rolled sheets, hot-rolled 
and cold-drawn rods, bars, strip, wire, welded tubing, castings, forgings and fabri- 
cated forms, such as wire screen and cloth, filter cloth, bolts and nuts, nails, tacks, 
rivets, cable, chain, and balls. 

The properties of Monel metal arc given in Table 5. 

Tabi.e 5. — Phvsicai. Properties of Monee Metae 

Density (specific gravitj’), 8-84. 

■Weight per cubic inch, 0.319 lb. 

Melting point, 1300 to 1350°C. (2370 to 2460°F.). 

Shrinkage (pattern), in. per ft. 

Linear coefficient of thermal expansion: 

25 to 100°C., 0,000014 per degree. 

25 to 300°C., 0.000015 per degree. 

25 to 600°C., 0.000010 per degree. 

Electrical resistivity, 256 ohms per mil. ft. (42.5 microhm-cm.). 

Conductivity about 4 per cent of that of copper. 

Coefficient of electrical resistmty, 0.0019 per degree centigrade, or 0.0011 per 
degree Fahrenheit. 

Optical reflection coefficient, 60 per cent. 

Thermal conductivity, 0.06 e.g.s. units (about 7 per cent of that of copper). 

Specific heat (20 to 1300°C.), 0.127 cal. per g. 

Latent heat of fusion, 68 cal. per g. 

Magnetic induction at 100 gausses field strength: 

Cast metal, 500 gausses. 

Holled metal, 1000 to 1500 gausses. 

M.agnetic transformation point, 93 to 95°C. 

Young’s modulus of elasticity, 26,000,000 lb. per sq. in. 

Torsional modulus, 9,500,000 lb. per sq. in. 

Compression tests on hot-rolled rods showed: proportional limit, 35,000 to 40,000 
lb. per sq. in.; yield point, 60,000 to 70,000 lb. per sq. in. Resistance to alternating 
stress in rotating-beam machines, approximately 100,000,000 alternations at propor- 
tional limit, t.e., the endurance safe limit. Izod test, 100 ft.-lb. on standard specimen. 
Charpy test (standard test piece), hot-rolled rod, 100 to 200 ft.-lb. to rupture. 

Chemical Properties and Uses. — Monel metal is widely used for its resistance to 
corrosive conditions. It is used against anhydrous ammonia, either liquid or gaseous; 
ammonium hydroxide solutions; solutions of or fused caustic alkalies and carbonates; 
fatty and other organic acids; sea water; solutions of neutral salts; gasoline and 
mineral oils; phenol and cresols; photographic chemicals, except solutions containing 
silver, urine, dry mcrcurj', dyeing, and bleaching solutions; alcoholic and other 
beverages. It is also highly resistant to sulphuric, dilute phosphoric, hydrocyanic, 
hydrofluoric, acetic, and citric acids, fused cyanides, ferrous sulphate, and dry 
chlorine. The metal is attacked b 3 ' solutions that are strongly oxidizing or contain 
easilj’ reducible compounds and by molten lead and zinc. It is not resistant to 
hydrochloric, nitric, nitrous, sulphurous, chromic, or concentrated phosphoric acids 
or to solutions of ferric salts. 

It is used for marine propellers, deck hardware, and parts of ships exposed to the 
action of sea water; pumps, pump liners, rods and valves for sea water, mine waters, 
and corrosive solutions generally; mining machinery; mine screens; machinerj' and 
equipment for dyeing and blenching; miscellaneous parts of apparatus exposed to 
corrosive conditions in the chemical and oil industries generally; screen cloth, filter 
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cloth, roofing, etc Tklonel-mctal pins and rods m sulphunc acid pickling tanks m 
the steel industry have exceptionally long life Large quantities of metal were used 
in roofing the tram sheds of the Pennsylvania Terminal, New York City, the Chicago, 
hiorthwestern Terminal, Chicago, and the Central Railroad of New Jersey Terminal, 
Jersey City, N J 

For the finish whichit may be given as well as for its resistance to corrosion, Monel 
metal has been largely used for washmg macbmery, dairy equipment, cookmg utensils, 
hotel, hospital and restaurant equipment, apparatus for the manufacture of food 
products knives, golf heads, small fittings, trim, and stampings 

Monel metal is resistant to erosion and retains much of its strength at high tem- 
peratures It IS used for these properties for turbine blading, gas engine valves, 
seats and spindles in pressure valves, plugs in oil stills, etc It wiU resist oxidation 
satisfactorily at temperatures up to 800“C , but should not m general be used at higher 
temperatures Monel metal is used to some extent as resistance wire and as spark 
plug electrodes 

Copper 'nitkel-aint Alloys — These alloys are known collectively as German 
silver or nickel siher They are used m a wide variety of compositions and under 
various trade names for cutlery and table flatware, keys jewelers’ wire, brazing solder, 
watchcases, etc For some uses, small amounts of lead or iron are added, but the 
general range of compositions falls withut the limits Nt, b to SO, Cu, 45 to 75 and Zn, 
5 to 80 pet cent The alloys ate white to slightly yellowish in color, msUeahlo hot 
or cold, easily worked, and obtainable m the usual brass mill shapes They are also 
used in the form of sand castings Manufacturer’s recommendations should be 
sought for the correct alloy for any specific purpose 

These alloys take an agreeable finish, and many are resistant to corrosion Con 
sequently, conaidecabU quantities are used for ornamental castings and stampings 
plumbing fixtures, and parts of food-baodling apparatus Some metal, m the form 
of wire, IS used as a high resistance metal in electrical work 

Nickel-chronuum Alloys — Nickel chromium and nickeUchromium>iron alloys 
are very highly resistant to oxidation at high temperatures and to chemical corrosion, 
particularly under oxidizing conditions They ace malleable and are used both m 
the wrought form for wire, etc , and almost entirely in the cast form for annealing 
boxes, carbonizing boxes, furnace parts, enameling racks, etc These alloys have high 
electrical resistivity with low-temperature coefficients and are used m large quantities 
as wire or ribbon, for heating elements m electrical apparatus and for other electrical 
properties They are marketed under various trade names and range m composition 
as follows Cr, 5 to 20 per cent, Fe, 5 to 40 per cent, Ni, balance 

Nickel Steels and Nickel-iron Alloys — ^Nickel and nickel thromium are the 
roost vfidely used of alloy steels Ordmary mckelsteel contammg about 3)^ per 
cent nickel is used for automobile parts, bridge and structural steel, die blocks 
locomotive forgings and castings, machine and machine-tool parts, ordnance, and 
power plant equipment These steels are used mainly m the heat treated condition, 
in which form mckel refines the pearlite gram and increases hardness, yield point, and 
tensile strength wnthout notably ledocing ductility Fatigue resistance and endur 
ance under alternating stresses are ucrcased and segregation is lessened The addi- 
tion of chromium to nickel steels increases the beneficial effects of nickel, and such 
steels are used to as great or greater extent than straight mckel steels as heat-treated 
forgings for automobiles and other coostruetion Molybdenum nickel steels are also 
m general use 

Nickel steel of low carbon content (0 1 to 0 2 per cent) is supenor to carbon ajee 
for caaehardenmg both in uniformityof case and in mechanical properties of cores! er 
heat-treatment 



NICKEL 


613 


The compositions of the most widely used nickel steels falls within the limit: Ni, 
3.25 to 3.75; Mn, 0.5 to 0.8; and C, 0.1 to 0.5 per cent Five per cent nickel steel is 
used for caschardened parts to withstand particularly severe service conditions. 

Nickel-chromium steels are described as low, medium, and high, and they range in 
composition as follows; Ni, 1.0 to 3.75; Cr, 0.45 to 1.75; and Mn, 0.30 to 0.80 per 
cent. The high nickel-chromium steels are used where particularly high physical 
properties are desired in all carbon ranges. 

Nickel-iron alloys relatively high in nickel exhibit remarkable magnetic properties 
and wide variation in their thermal expansivity in normal temperature ranges. Many 
are also resistant to corrosion. Invar, 3C per cent nickel, has an extremely small 
coefficient of expansion at ordinary temperature and is used for measuring tapes, parts 
of precision instruments, etc. 

Nickel and nickel-chromium cast iron is being used commercially today for rolling- 
mill parts such as rolls, mill guides, pipe-bending dies, pipe balls, etc., for automobile 
engines and other cylinder castings, for pistons and piston rings, for cast-iron cams, 
for sheet and plate metal forming dies, in various thin section castings, prominently 
resistance grids — the amounts used varying from as little as 0.10 per cent (but usually 
not less than about 0.40 per cent) up to 5.0 per cent nickel and from 0 to 0.50 per cent 
chromium. - , 

The principal useful effects of nickel and suitable nickel-chromium combinations 
in gray iron have proved to be the following; (1) to increase strength from 10 to 50 per 
cent, requiring 0.50 to 1.0 per cent nickel together with 0 to 0.50 per cent chromium 
depending on the grade of iron, a higher silicon iron requiring a greater addition of 
chromium; (2) to increase hardness 20 to 50 points Brinell without impairing machin- 
ability, requiring similar amounts of alloy; or raising the hardness 100 points Brinell, 
with the iron still remaining machinable, but less readily so, with larger amounts of 
alloy; (3) to reduce edge, surface, and corner chilling on thin sections or eliminate hard 
spots in castings made with comparatively hard iron and thus improve machinability, 
requiring 0.50 to 5 per cent nickel depending on conditions; (4) to increase toughness 
and deflection particularly of thin section castings by eliminating chill and hard spots, 
requiring also 0.50 to 5 per cent nickel; (5) to refine grain and produce denser, less 
open castings requiring from 0.15 to 1.0 per cent nickel together with small amounts 
of chromium if desirable; (0) to equalize hardness and strength and machinability 
over large sections or between small irregular sections. 

Cast iron is itself a most complex and variable material, and the use of these alloys 
in conjunction with it requires careful adjustment of the amount of the additions to 
the grade and composition of iron used as well as to the type and section of casting 
in question. Disappointing results may' be obtained when alloy additions are made 
that arc not suited to the particular conditions, and some tests have been made also 
on cast iron of high alloy content — up to 30 per cent nickel — and consideration is 
invited to their interesting and unusual properties as suited to special applications. 

Miscellaneous Alloys. — Illium, a complex alloy of Ni and Cr with lesser amounts 
of Cu, Mo, W, Mg, Fc, Al, and Si, is very highly resistant to corrosion. It is prac- 
tically unattacked in 25 per cent nitric acid solution. 

Nickel-manganese, nickcl-coppcr-mangancse, and nickel-aluminum alloys are 
used in the form of resistance wires and as parts of pyrometer thermocouples. 

Nickel has been added in small amounts to many other alloys of industrial impor- 
tance, in which it acts chiefly to increase hardness without decreasing ductility. 
Light aluminum alloys, aluminum bronzes, and some brasses and bearing metals are 
to be noted in this connection. 

Nickel alloys have been used as substitutes for platinum ware, and so-called white 
gold is an alloy of nickel and gold. 
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A high silicon nickel alloy in the form of shot and containing up to 5 per cent eilieon 
IS used for tumbling and burnishing purposes It i9 harder than iron and does not 
rust 

Alnico, the remarkable magnet material, contains Al, 10, Ni, 18 Co 12, Cu, 6, 
re, 54(C W Drurv, l/taeral/nd, 193S,p 114) 
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TUNGSTEN, VANADIUM, URANIUM, AND MOLYBDENUM 

H. A. Doerner‘ 

Introduction. — Among the elements usually thought of as rare, vanadium, ura- 
nium, tungsten, and molybdenum stand out because of their importance in ferroalloys. 
These are, therefore, treated at length in this section. It is, however, also necessarj'' 
to consider uranium as the mother of radium, and to treat it in that connection, which 
is done in the succeeding chapter. 


VANADIUM 
(Atomic ■weight == 51.0) 

Occurrence. — Vanadium is never found free in nature. Its ores are fairly widely 
distributed, but seldom occur in quantity in any one locality. The principal ores are 
patronite, roscoclite, carnotite, vanadinite, cuprodescloizite, zinc descloizite, mottra- 
mite, and puclicrite. Small concentrations of vanadium have been found in certain 
iron ores, in phosphate rooks, and in carbonaceous materials such as oil, oil shale, and 
coal. Flue dust from the combustion of Venezuelan oil contains 20 to 40 per cent 
VjOj. Vanadium is now being recovered as a by-product from these low-grade 
sources, because a constantly increasing demand is depleting the important ore 
deposits. 

Patronite is an impure vanadium sulphide found in hlinasragra, Peru. The 
composition is approximately VjS,, and it is associated to a certain extent with car- 
bonaceous material, pyrites, and free sulphur. The area in ■which the ore lies- is along 
the western limit of a broad anticline in Jura-Trias and Cretaceous rocks. A section 
shows the series in this locality to be composed of green shales, thin bods of limestone, 
and red shales. Vanadium is found only in the red shales. The deposit proper 
appears to bo a lens-shaped mass, 28 ft. wide and 250 ft. long. The mineral that con- 
stitutes the larger portion of the deposit has been called “quisqueitc.” It is a black 
carbonaceous substance containing sulphur, with a hardness of 2.5 and a specifie 
gravity of 1.75. There is also a lesser quantity of a cokelike material with a hardness 
of 4.5 and a specific gravity of 2.2. Neither of these contains vanadium. The vana- 
dium is mostly in the southern end of the ore body, and to a depth of 20 ft. is largely 
in the form of a red calcium vanadate, and carries as much ns 50 per cent vanadic 
oxide. It occurs in pockets and fiUs the cracks and fissures in a fine shale. 

Below this shale is the mother lode. It is 9 to 30 ft. thick and extends along 
the greater length of the deposit. It carries as high as 10 per cent vanadic oxide and 
nearly ns much sulphur. On the cast and south sides below the mother lode is found 
a hard blue-black vanadium shale carrying ns much as 13 per cent vanadic oxide and 
4 to 5 per cent sulphur. Patronite, the main vanadium inbieral, is greenish-black 
and has a hardness of 2.5 and a specific gravity of 2.71. It contains 19 to 24.8 per 

> EnRincer in rliarRC, U. S. Bureau of Mines Experiment .Station, Pullman, U'esh. 

niEmrrr. D. E., Ene. Mining Jour., Vol. 82, p. 385, Sept. 1, 1900; HiLi.EnnAHO, W. F., J. Am 
Chtn. Sot., Vol. 29, p. 1019, 1907. 
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cent vanadic oxide and sometimes M per cent of combined sulphur This deposit 
in Peru constitutes the largest known source of vanadium at the present tune and 
furnishes the Vanadium Corp of America with its major supply of ore As this 
companj has been the largest producer of ferrovanadium and vanadium compounds in 
the world patronite is by far the most important ore of \anadium from the com 
mercial standpomt 

Roscoelite, or vanadium mica, is the second most important vanadium mineral 
commercially It has a Eome« bat indefinite composition, the formula HjKj(MgFe) 
(AlV)«(StOj)ii representmg ita composition fairly well It exists m minute scales of 
a brown to greenish brow n color Sometimes the color is actually green Th" 
specific gravity is 2 92 to 2 94 It la found in many localities, but the exten8i\(. 
deposits in San Miguel and Montrose counties, Colorado, are the onlj ones that haie 
been exploited extensively 

Camolitc IS mainly of importance on account of its mamum and T&dmm content, 
but also carries usual!} 3 to 5 per cent \ iO» m ordmar> commercial ores It u 
found mainly m southw estem Colorado and eastern Utah, but also exists in smaUer 
quantities m other localities such as South Australia and Portugal It is a potassium 
uranyl vanadate of the following approximate composition KjO 2UOj \ lOt 3HjO 
The crystals are canary jellow in color and usually exist as incrustations on other 
minerals, or are disseminated through a sandstone m which they are usually found 
It also contains small traces of calcium and barium Other deposits of vaosdiferous 
sandstone similar to roscochte or camotite have been more recently discovered m 
Colorado and Utah of these one near Rifle m Garfield County, Colorado, appeart 
capable of considerable production Another is reported m Emery County, Utah 

Vanadinite, or lead vanadate, is widely distributed, eepeciall} in certain of the 
western states of the United States, particularly Amona, New Mexico, Nevada, and 
California. The lacgeat deposits are in Arizona, where it is frequenth associated 
with wulfemte, or lead molybdate The deposits are almost always low grade and 
for this reason this mmerd has not been used to any great extent as a source of 
vanadium m the Umted States In Mexico, the vanadmite occurs at \ dlarosales, 
Chihuahua In Spam, important deposits of vanadinite occur near Santa Marta, 
Lstraraadura The ore is found in a sandstone that contains on an average 3 per 
cent vanadic oxide This can be concentrated, and these deposits supphed most of 
the vanadium used m the world up to the opening ol the Peruvian mines. The 
mineral occurs in prismatic hexagonal crystals and has a specific gravity of 66 to 
7 H It varies in color from ruby red to yellowish and even brown 

Cuprodescloizite is a hydrated lead-copper vanadate of the probable composition 
(PbCu):(OH)VO< Commercial samples of the ore may carry as much as 23 per 
cent PbO, 7 per cent CuO, and 8 to 10 per cent VjO. The largest deposit of this 
mineral know n at the present lime is m the SbattucL mine at Bisbee, 4riz , although 
it 13 found in a few other localities m the Umted States 

Zinc descloizite is a mineral very similar to cuprodescloizite, where the zme replaces 
the copper It is found m Nevada, especially around Goodspnngs, m New Mexico 
in Arizona, and in Argentina There has been a considerable production of v anadiura 
from descloizite obtained as a by product m the treatment of zme ores at Broken HiD 
Rhodesia Mottramite, a vanadate of lead and copper, and puchente, a bismuth 
vanadate are of lesser importance than the mmerala alreadj described Mottramite 
has been produced and shipped from Tsnmeb Southwest Africa 

Extracbon from the Ores — The method of extraction that can be used for vmns 
dium ores varies materially with the ore end xts grade In general, a different metd 
lurgical process must be used for every mmeral treated, although there are, of course 
some general similarities between the methods used 
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Patronite is treated by first roasting in order to eliminate the sulphur as far as 
possible. It can then be leached with sulphuric acid, filtered, and the filtrate evapo- 
rated to a crude vanadic oxide, or the roasted ore can be leached with alkali, sodium 
carbonate or caustic soda, which will dissolve the vanadium as sodium vanadate. 
From this a high-grade vaPadic oxide can be obtained bj' acidifying with sulphuric 
acid. More recently, the roasted concentrate is reduced directly to ferrovanadium in 
an electric furnace. 

lloscoelite has been treated for many years in plants at K ewmire, Ilifle, and Urvan, 
Colorado. The crushed ore, mixed with salt and often a small amount of pj'rites, 
is roasted to convert the vanadium to a water-soluble vanadate. After the latter is 
extracted by leachhig with hot water, vanadic acid is precipitated by boiling the 
acidified solution. This precipitate is separated by filtration, dried, and then fused 
to remove combined water. A high-grade product containing SS per cent V»06 thus 
obtained is usually converted to ferrovanadium by reduction in an electric furnace. 

At first, carnotite was treated primarily for its radium content, and vanadium 
was considered a bj'-produot- Since the advent of low-cost radium from the Belgian 
Congo and northern Canada, these ores are primarily a source of vanadium, whereas 
radium and uranium are now only by-products. Early methods that do not obtain 
a high recovery of vanadium have been abandoned or modified. ‘ 

Metallurgical methods for the treatment of carnotite are discussed more fully 
in the chapter on radium. They may be classified by their initial operation as (1) 
acid leach; (2) digestion, and extraction with sodium carbonate solution (usually with 
some free caustic); (3) bisvdphatc (niter cake) fusion; (4) other sintering or fusion 
treatments. Of the acid methods, sulphuric gives the best extraction of vanadium, 
hydrochloric is also good, but nitric acid is very inefficient and requires a subsequent 
alkaline leach. Sodium carbonate solution also gives a poor extraction of vanadium 
even at autoclave temperatures. Fusion with niter cake, followed by a water leach, 
extracts the vanadium completely. Alkaline fusions may also give high recoveries, 
but are unsatisfactorj' because of furnace-lining and filtration difficulties. 

From a soda solution, uranium is precipitated by sodium hydroxide after neutral- 
izing the carbonate. The vanadium is obtained by neutralizing the filtrate from the 
uranium and either adding a slight excess (O.OSA'^) of sulphuric acid and boiling to 
precipitate vanadic acid, or adding a metal salt (ferrous sulphate, calcium chloride) to 
form the corresponding vanadate. From an acid leach, vanadium is precipitated 
with uranium and a portion of the basic elements present by carefully neutralizing and 
boiling. When sulphuric acid is present in large excess, it is economical to neutralize 
most of it with lime or limestone and filter off the calcium sulphate before precipitating 
the vanadium. In some cases the vandium precipitate is reduced to ferroallo 3 :, but 
usuallj' additional refining is necessarj'. This maj' be accomplished by extracting the 
precipitate with hot soda solution and precipitating as previouslj- described for 
alkaline solutions. 

Vanadinitc was originally treated by leaching with sulphuric acid. This dissolved 
the vanadium and left the lead as insoluble lead sulphate, from which the lead could 
be recovered bj' smelting. The process was not a success, because the action stopped 
after a short time, owing to the crystals of the vanadinitc being coated with the lead 
sulphate, which prevented further action. J. E. Conlej' has thoroughlj- studied the 
treatment of vanadinitc.- The method recommended bj- him is to fuse the vanadinitc 
concentrate with a mixture of .soda ash and caustic soda, which gives a better melt 
and a better recoverj- than soda ash alone. The lead is recovered ns metallic lead, 

> DornKFji. I’roccs.^ tor Extr.icliiiK Kadium from Carnotite, U.S. Bur. Minet Repte, Inraligations 
30.17, December, 1930. 

2 Chrm. Met. Kng., Vol. 20, No, 10, p. 514. 
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and the vanadium is precipitated by means of slaved lime, giMng calcium \anadate 
as a product II any trace of molybdenum is presimt, the latter metal does not come 
down with the vanadium and is thus eliminated The calcium vanadate can be 
treated with sulphuric acid, the precipitated calcium sulphate filtered off, and the 
%anadium recovered as high grade vanadic oaide 

Cuprodesclointe has never been treated commercially, but, as it constitutes an 
important and potentially fairly large source of vanadium, Conley’s method is of 
interest * The object is to recover the lead, copper, and vanadium Conley found 
that a sulphuric acid leach gives a fairly satisfactory extraction, but his preferable 
method 13 to subject the ore to a preliminaiy fusion with niter cake, followed by a 
liot*water leach, and then treat the residue with sulphuric acid By heating the 
ore with an equal weight of niter cake, approximately two-thirds of the ore can be 
decomposed and the corresponding values extracted The remammg values are then 
extracted by leaching the residue with about one-half as much acid as is required m a 
straight acid treatment 

Zme descloisite up to the present tune has not been treated commercially The 
prmcipal deposits m Nevada carry considerable quantities of caleite, which make an 
acid treatment expensive and, therefore, undesirable Doerner* has shown that a 
more economical method is the fusion of line descloizite concentrate with carbon, 
caustic soda, and soda ash to convert the vanadium to water soluble sodium vanadate 
and separate the lead and precious metals as bullion The vanadiiun is leached from 
the slag, acidified with sulphuric acid, and precipitated as vansdie acid by boiling 
with steam 

Most vanadium ores are not readily amenable to concentration Pstronite is 
partially concentrated by roasting Ro^elite was never concentrated at Newmtre, 
Colo , the ore being treated direct The writer, however, knows of one gold ore in 
California containing roscoelite from which a high-grade vanadium concentrate has 
been obtained during the concentration of the ore for gold Camotite has been con 
centrated by both, sluning and dry concentration, t e , attation and dustmg. Prelimi 
nary roasting increases the extraction especially with carbonaceous ores Vanaduute 
is easily concentrated by the usual methods mvolving tables and alimers It u, 
however, difficult to separate vansdmite from vrulfenite, a mineral with which it is 
frequently associated owing to the (act that both minerals have almost the same 
specific gravity Cuprodescloizite and zinc descloizite will also concentrate on tables 
and slimers, but no commercial plants are knowrn to the writer The mam difficulty 
IS a high loss m the shmes 

Metallic Vanadiwm— -Metallie vanadium baa been produced by Gui* by the 
electrolysis of a solution of vanadium tnoxide in fused calcium vanadate The 
material naay also be prepared by the alummothermic method, and by reducing 
thn. dinhlnn'/lR, 'n. hrybiTigm., 'lu •nhuAi 'east Vi/o ’a "a wAi/iahi lywder 
The metal has a hardness greater than that o( steel or quartz It takes a good poluh 
and IS not affected by air If the powdered metal is thrown into a flame, or rapidly 
heated in oxygen, it burns brilliantly lla epecific gravity at 15® is 5 5 

Ferrovanadium.— As the principal use of vanadium is m steel and as the %anadium 
IS added to the steel in the form ol ferrovanadium the manufacture of this product w 
of great importance Formerly, 75 per cent of the ferrovanadium produced m this 
country was made m the openhearth or cruable furnace by a modification of tl« 
Thermit process, using alummura as a reduemg agent * Theremainderwas produced 

‘ Cktm. Eng , VoL 20 No 9 p 465. 

<11/5 Bur MxnetBrpt* lnteittgalwnt2133 
*Elteiroeliem ild Ind 1909 No 7 p 264 
*Bull AtifE Aagiist 1919 p 1342 



TUNGSTEN, VANADIUM, URANIUM, AND MOLYBDENUM 619 

by the electric furnace, using 90 per cent silicon as the reducing agent. Recently, 
the difficulties of reduction with carbon in the electric furnace have been surmounted, * 
thus eliminating expensive reducing agents. 

A satisfactory ferrovanadium for commercial purposes contains 30 to 40 per cent ’ 
vanadium and not more than 0.5 per cent C, 1 per cent Si, 2 per cent Al, 0.1 per cent 
S, and 0.1 per cent P. It has a good fracture, is not crystalline, and is bright gray in 
color. Too much carbon is injurious, because it makes a carbide with the vanadium, 
which is not satisfactory in steel making. In the aluminothermic or Goldschmidt 
method, vanadium oxide or iron vanadate is reduced with aluminum shot in a gas- 
fired openhearth furnace, slagging off the alumina by the addition of soda ash or 
lluor spar. When the oxide is used, iron turnings must also be added. The process 
is exothermic, but it is sometimes necessary to apply external heat in order to main- 
tain the temperature required for a fluid melt. This may also be accomplished by 
adding oxidizing agents, such as niter, intimate mixing, and rapid rate of feed, with 
large scale of operation. The use of iron vanadate requires more aluminum than the 
oxide. \Vhcn applied to complex ores, this method presents great difficulties, as the 
charge must be calculated so as to eliminate all undesirable elements in the slag and 
at the same time produce a good recovery of higli-grade alloy and the proper amount 
of heat. 

Silicon or ferrosilicon gives a satisfactory reduction in the electric furnace. The 
raw materials required are steel turnings, vanadium oxide, silicon, lime, and fluor spar. 
If iron vanadate is used, the steel turnings are not added. All material should be low 
in phosphorus, but sulphur can be eliminated with the slag by remclting. 

In the method developed by Saklatwalla for electric-fiu-nace reduction with car- 
bon, the ore-flux mixture is fed continuously into a localized zone of extremely high 
temperature, which is obtained by high voltage and current density, combined with 
close spacing of the electrodes. In this way the vanadium is supposed to be reduced 
directly from the pentavalent form to the metal, without the intermediate formation 
of the infusible and insoluble lower oxides that caused trouble in previous attempts. 
The furnace is three-phase, rectangular, with water-cooled bushings for three 12-in. 
graphite electrodes. It is automatically charged through water-cooled bushings in 
the cover. 

The melting point of ferrovanadium, practically free from other elements and con- 
taining 40 per cent vanadium, is about 1480°C. The melting point becomes gradually 
lower ns the amount of vanadium is decreased until 35 per cent is reached, when it 
melts at 1425°C., and remains stationary until the alloy contains 30 per cent. At this 
point the melting point gradually rises to about HSO'C. 

Uses of Vanadium. — The chief use of vanadium is for making vanadium steel. 
The general effect of this rare clement on steel is to increase the elastic limit and 
tensile strength without reducing the ductility. It is usiiallj^ alloyed with chromium 
or manganese to give chromium-vanadium or manganese-vanadium steel, and is also 
used in openhearth and high-speed tool steels. Vanadium is found in much of the 
steel used in motor cars, locomotive axles, rock drills, etc. The metal causes oxides and 
nitrides present to pass into the slag, and a certain portion of it also goes into solid 
solution, rendering the metal more coherent and le.ss liable to disintegration. The 
quantity of vanadium added to steel is small, the amount usualW being between 0.1 
and 0.4 per cent. 

Other uses for vanadium arc as alloys with copper and aluminum. These alloys 
make excellent castings. It has been used in photography for toning silver bromide 
plates to a green color. Vanadium salts have also been used in potterj' and glass, 
and as mordants. 

> SAKi..vTw.ti,i.t. Jour. Ind. Eng. Ckrm., VoL 14. No. 10. p. 9G8. 
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The chemical activity of vanadium and the large \ariety of its compounds will 
probably lead to a much wider chemical use Vanadium pentoxide is used as a 
catalyst in the synthesis of ammonia and also m the oxidation of sulphur dioxide 
The catalyst is prepared by heating briquettes made of 10 parts alumma and I part 
ammonium vanadate ^ 

Analytical Methods for Vanadium. — Vanadium in an ore can be recognized 
qualitatively in the following manner The ore is ground and boiled with hydro- 
chloric acid, filtered, and to the cold acid solution hydrogen peroxide is added A 
deep-red color mdicates the presence of vanadium In a mineral such as roscoelite, 
which IS with difficulty soluble m hydrochloric add, the ore should be fused with 
sodium carbonate, leached with water, filtered, and the filtrate made acid with 
hydrochloric acid On addmg hydrogen peroxide, the red color will then be obtained 
The choice of a quantitative method will depend on the ore, or vanadium compound 
to be analyzed Full analytical details are given la U S Bureau of Mtnet Bulkhns 
70 and 212 The following method is quick and applicable to a large vanetj of 
vanadium ores, especially those which contain little insoluble material and are decora 
posed by acids Weigh out a 1-g sample of the pulverized ore, and add 25 cc of 
concentrated hydrochloric acid Heat on a hot plate to a small volume, then add 
10 cc oi concentrated nitno acid and continue beating until decomposition is complete 
Remove from the hot plate, coot, and dilute to about 25 cc Now add 10 cc of con 
centrated sulphuric acid, and heat to copious fumes 

Cool slightly and carefully add about half a gram of potassium permanganate 
Again heat and cool, then add 5 cc of water and ID cc of hydrochloric acid and 
evaporate to copious fumes of sulphur trioxide Repeat with two more evaporations 
of 5 cc of hydrochloric acid Cool and dilute to about 150 cc, warm to dissolve 
the feme sulphate, and then titrate at 70 to 80* with 0 OSA' KMnOi to a pink which 
persists for half a minute It is advisable to run a blank determination, which usually 
requires 0 4 to 0 S cc of 0 05^ KMnOi Fc factor X 1 63 ~ VjOi In an insoluble 
mmeral, such as roscoelite, it is advisable to filter off the insoluble material and to 
treat with hydrofluoric and aulphuiie acida ui the usual manner to eliminate the silica, 
and then to redissolve m a mixture of hydrochloric and nitric acids The method is 
applicable in the presence of large amounts of iron, molybdenum does not mterfere, 
and arsemc, if present only in small amount, may be overlooked Large amounts of 
arsemc, however, should be removed by first passing sulphur dioxide through the 
solution after evaporating the first time to sulphur tnoxide fumes, boiling off excess, 
and passing m hydrogen sulphide Chromium mterferes, but is seldom met m 
v anadium ores 


URAinUM 

(Atomic weight =• 238 2) 

Occurrence. — The pnncipal ores carrying uranium are pitchblende, carootite, 
autumte, and torbernite Pitchblende is an impure uranium oxide with rare earths 
carrying traces of lead, calcium, iron, bismuth, manganese, copper, sihca, and aluim 
num The specific gravity vanes from 6 4 to 9 7, and the hardness is usually about 
5 5 Carnotite is described tinder Vanatbum Autumte is hydrated uramuni' 
calcium phosphate, with the formula Ca(UO*),(PO0i SHjO It is a bnght-yellow 
mineral, usuaUy crystalhzmg in orthorhombic plates, and has a specific gravity of 
3 5 to 3 9 Torbernite is a copper utanuim phosphate with the formula CufU0j)r 
PjOa 8HjO The crystals are tetragonal with a pearly luster and of an emerald green 

* U S patents 1120201 to 1420203 
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color. The specific gravity is 3.4 to 3.6. A further description of uranium minerals 
and their distribution ca» be found in the chapter on radium. 

Extraction from the Ores. — ^All uranium minerals carry radium. The amount 
of radium is usually proportional to the amount of uranium present, although tliis is 
not always the case. iP primarj' minerals the equiUbrium amount of radium is 
present, but in secondary minerals, such as autunite and torbemite, the proportion 
of radium to uranium varies and is often as low as 60 or even 50 per cent of the equilib- 
rium amount. Notwithstanding this fact, uranium minerals are now always treated 
for their radium content and not for the uranium, the recoverj' of the latter being of 
secondarj' importance. Consequently, the metallurgy of uranium is really the 
metallurgy of radium, and full details concerning the treatment of uranium ores will 
be found in the chapter oP radium. In order to obtain the uranium alone, practically 
the same methods that are used for the extraction of radium can be used, the only 
difference lying in the fact that the radium need not bo precipitated as a radium- 
barium sulphate, this step being omitted. Any method that gives a good extraction 
of the radium may be used to recover uranium, as it is necessary, of course, to decom- 
pose the mineral thoroughly in order to get the radium. 

Uranium is usually recovered as sodium uranate, carrying considerable vanadium. 
The oxide (UO 2 ) may be prepared from this by the Parsons method, which consists 
of fusing the sodium uranate with salt and a little carbon. The fused product is 
leached and washed, everything going into solution except the UO 2 . 

For analytical purposes, uranium can be extracted from one of its ores by fusing 
with an excess of sodium carbonate. The melt is broken up, boiled with water, and 
filtered. The uranium goes into solution as the double carbonate of sodium and 
uranium, and will contain only small traces of aluminum and iron. On the addition 
of caustic soda in excess, followed by boiling, the uranium is precipitated as sodium 
uranate. If an ore is treated which also carries vanadium, the latter element will also 
be found in solution with the uranium. On the addition of sodium hydroxide, the 
uranium is precipitated, as already stated, and the vanadium remains in the filtrate. 
It is practically impossible, however, in such a case to precipitate the uranium free 
from vanadium. Commercially, the precipitate nearly always carries 5 to S per 
cent V-Os. The formula of sodium uranate is Na 2 U 507 , and it usually possesses 6 
molecules of water of crystallization. 

Concentration Methods. — Most uranium minerals can be concentrated mechani- 
cally. This is largely due to the fact that the specific gravity of these minerals is 
high, particularly pitchblende. Pitchblende can be concentrated by the use of jigs, 
tables, and slimers. On the table it appears as a black streak representing the 
hcamest mineral present. Next to this is pyrite, and usually a portion of the pitch- 
blende is found in the pjTJte, which constitutes a middling that must either be rcground 
and re-treated, or handled chemically. As the crj'stals of camotitc are extremely 
small, this mineral is not amenable to ordinary concentration methods. It can, how- 
ever, be concentrated in two ways; (1) by dry methods, and (2) by sliming. The 
most satisfactory dry method involves the use of the ordinary Rajunond pulverizing 
machine with a tubular dust collector. This has a beater chamber containing two 
sets of rapidly revolving beaters. Over the chamber is a cone of galvanized iron, 
within which is an inner cone, provided at its lower end with a swinging discharge 
gate. The two cones arc connected at their upper ends by a number of small gate 
shutters and have a eommon top or cover plate. A large pipe from the center of the 
lop leads to an exhaust fan, moimted on the same shaft as the beaters. This fan 
discharges into a cyclone dust and air separator, which is connected by a retiun pipe 
with the beater chamber of the pulverizer. A small pipe leads from this return pipe 
to a tubular dust collector, 'jiic Rajunond mill is used extensively to pulverize 
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cement, paints, etc In the sbmmg method the ore is ground and then stirred in 
water, getting as much attrition as possible m order to remove the carnotite crj-stsls 
from the sihca grams The latter settle quickly, and the carnotite n ith other fine 
material is slimed off mto another vat and aUowed to settle Undoubtedly, torbemite 
and autumte could be concentrated in the same way as carnotite, but up to the 
present this has not been commercially earned out 

Metallic Uranium — Metallic uranium was first prepared in the electric furnace 
by Moissan ‘ He used 300 parts of U,0» and 40 parts of sugar charcoal and reduced 
the mixture m a carbon tube in the clectnc furnace The crude product contamed 
carbon and was purified by heating m a cmcihle brasqued with UjOi This crucible 
nas embedded m another brasqued with titanium, the object being to prevent action 
of nitrogen on the reduced uranium Ihe metal may also be prepared by the elcc- 
troljsis of the fused double chloride ol uranium and sodium in an inert atmosphere 
using carbon electrodes * Recney* has prepared the metal by reduemg UiOi with 
carbon in a Siemens furnace with magnesite walls and carbon bottom The metal 
w as allow ed to cool m the furnace He got a product contammg S8 per cent U, 3 67 
per cent C and 2 47 per cent Si, which ready consisted of uramum metal and uramum 
carbide 

Ferrouramum — Many unsucccsslul attempts w ere made to produce lerrouranium 
before success was finaUy achieved The mam difficulty met with was that a low 
carbon alloy could not be made by vanation of the carbon m the charge, because 
there was euch a low recovery of uramum, both when the amount of carbon charged 
w as about the theoretical amount required, and when the carbon in the ferrouramum 
was low Carbon could not be removed from an alloy contammg more than the 
allowable amount by usmg either iron oxide or uranium oxide, as can be done in other 
ferroalloys high m carbon When this was attempted, the uranium in the alloy 
oxidized and went mto the slag leaving pig iron m the furnace Eeeney* was unable 
to get a ferrouramum contammg as much os 30 per cent uramum, and, m addition, 
the carbon content was too high He was however, able to get a commercially high 
grade uranium metal as described above GiUett and Mack^ succeeded m making a 
satisfactory ferrouramum by usmg a pure UOi, a low ash coke, and a pure iron as raw 
materials, w ith calcium fluoride as slag former They stated that, by usmg a tilting 
direct arc type furnace with water cooled magnesite hearth and sides, it should be 
possible to produce commercially, without a second refinmg operation, ferrouramum 
of any desired uramum content, say 40 to 70 per cent, with C averagmg below 2 per 
cent. Si below 0 75 per cent, V below 0 5 per cent, and with Al, S, P, and Mg all so low 
as to be negligible 

Uses of Uramum — Besides its use m steel, uranium has been used for many 
years as a colormg agent for glass Sodium uranste is usually desired, although 
uranium oxide is sometimes used as a substitute The color produced is opalescent 
yellow, turning green by reflected light Usually about 20 per cent of uranium cal 
culated as oxide is required to produce the cmlor, thus making the glass quite expensive 
Uranium salts are also used in the ceramic industry and produce yellow, orange, and 
black glazes The coloring power is great, and only small quantities are required 
Uranium salts have also been used to some extent as mordants for silk and w ool, and 
also as a catalyst in the synthesis of ammonia from nitrogen and hydrogen * In 

« Compt Ttnd Vol 116 p 347 1893 

•Moissan Compf rend Vol 122 p 1088 1896 

• Bull A I M E August 1918 p 1354 

*Bull AJhIE August 1918 p 1353 
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photography, uranium nitrate has been used as a sensitizing agent for paper. With 
])otassium sulphocyanide it can be used for toning bromide prints. 

Since Keeney and Gdlett made ferrouranium and commercial' uranium metal, 
some interest developed for a time in connection with uranium steel. One firm 
in this country had ferrouranium on sale and actively cooperated with one or two steel 
manufacturers in the manufacture of uranium steel. One part of uranium is supposed 
to replace 2 to 3 parts of tungsten in high-speed steels. Keencyi states that ferro- 
uranium can be added to steel in quantities up to 4 per cent with a uranium recovery 
of at least 50 per cent; and a recovery of 70 per cent can be made in steel containing 
less than 2 per cent uranium. A considerable portion of the carbon and silicon in the 
ferrouranium seems to enter the steel. For a steel containing less than 2 per cent 
uranium, the ferrouranium can be added in the ladle, but a higher percentage of 
uranium in the steel requires addition in the furnace, or chilling will occur. These 
results were obtained in the electric furnace, but uranium can also be made in the 
crucible furnace. Uranium steel has not come into general use, although some of the 
steelmakers have claimed that uranium is a satisfactory substitute for tungsten in 
certain cases. 

Analytical Methods for Uranium. — A number of methods arc suitable for the 
analysis of uranium ores, and these are discussed at length in Bulletin 212 of the 
U. S. Bureau of Mines. Tire following short method is usuallj’’ satisfactory. 

Take a 2- to 5-g. sample, ignite if it is carbonaceous, add 16 cc. of 1 : 1 sulphuric 
acid and a few drops of nitric acid, and heat till fumes of sulphur trioxide appear. 
Cool, dilute to 100 cc., add an excess of sodium carbonate and hydrogen peroxide, 
boil 10 min., filter, and wash with hot water. The iron precipitate should be washed 
back in the beaker, digested with fresh soda solution, and refiltered, combining the 
filtrates, which arc then acidified with sulphuric acid. After boiling off all CO 2 , 2 g. 
of ammonium phosphate is added, the solution is made slightly alkaline with ammonia, 
and then barely acidified with acetic acid. The precipitate is gently boiled for 10 
min., filtered, and washed thoroughly with a hot 2 per cent ammonium sulphate 
solution. For accurate work, the precipitation may be repeated. Dissolve the 
precipitate in 1:4 sulphuric acid, and wash to a volume of 100 cc. Add an excess of 
potassium permanganate and 10 cc. sulphuric acid, and after warming a few minutes 
add 5 g. of granulated zinc. Ilcducc hot for 10 min., cool, filter through glass wool, 
washing to a volume of 250 cc. with cold water. Titrate with 0.05W -permanganate. 
The iron value of the permanganate times 2.5176 = UjOj. 

TUNGSTEN 
(Atomic weight = 184) 

Occurrence. — There arc four reasonably common tungsten minerals found in 
the United States. Ferberito, wolframite, and hiibneritc are closely associated as 
regards their composition. Fcrbcrite is usually classed as an iron tungstate, although 
it may and often does carry moderate quantities of manganese. Wolframite is an 
iron-manganese tungstate, carrj'ing u.sually, however, more iron than manganese. 
Ilflbncrite is a manganese-iron tungstate containing more manganese than does wolf- 
ramite. These minerals form a complete scries with almost an infinite number of 
members between a pure iron tungstate and a pure manganese tungstate. Scheelite, 
calci\ira tungstate, is the fourth. It is now the most important tungsten ore. It is 
easily identified by a blue fluorescence in uItra^•iolet light. This method of detection 
is verj- useful in prospecting and mining scheelite. 


< Bull. AuKUsr, 191S, p. 1300. 
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Kess* has suggested the foltoning definitions “Ferbcnte should be considered 
as an iron tungstate, Fe^ 0<, contaminated by not more than 20 per cent MnV, 0,, 
a proportion equi\ alent to 4 69 per cent MnO, or 3 63 per cent Mn m the pure tungsten 
mineral Hubnerite should be considered as manganese tungstate, Mn^\0<, con 
laminated by not more than 20 per cent Fe\\ 0<, a proportion equivalent to 4 74 
per cent FeO, or 3 69 per cent Fe Wolframite should cover the ground between the 
limits above indicated That is, wolframite should be considered a mixture of iron 
and manganese tungstates containing not less than 20 per cent nor more than 80 
per cent of either Except the bght-colored htibnentes, most of these mmcrals cannot 
be detected by the eye or by simple tests, and in the absence of analyses it is therefore, 
convenient to refer to the dark minerals of the series as wolframites ' Ferbente and 
wolframite when pure, are black Vi hen partly oxidized they may appear brownish 
from the presence of iron oxide Htibnente is characteristically brown, some speci 
mens, however being yellowish others reddish, and some nearly black Ihese 
mmerals are all monoclmic m form Ferbente has more of a tendency to form well 
defined crystals than do the others In hardness, all these mmerals are a little 
over S Their specific gravities range from 7 2 or 7 3 in hiibnerite to 7 5 in ferbente 
while the specific gravity of wolframite is intermediate between these figures Scheel 
ite IS a calcium tungstate, CaWO» In color it is usually white, light gray, or hght 
yellow although its color may occasionally vary from greenish yellow to brown 
Its luster IS slightly glassy It is found m granular masses, or in irregular lumps of a 
more or less coarse texture Its hardness is a little less than 5, and its specific gravity 
IS approximately 6 It possesses four directions of good cleavage Other tungsten 
mmerals of less importance are stolzite or lead tungstate, cuprotungstite or hydrated 
copper tungstate, and tungstite or tungstic ocher, a hydrated tungstic oude 

Ferbente is found in several western slates, but mainly lo Colorado m the Boulder 
district This district has a length of 12 mites m a northeast and southwest direction, 
and a w idth of about 7 miles and begins about C miles due west of the town of Boulder 
The tungsten i ems are lo many w ays similar to the gold veins of the district and seem 
to have a close connection mth them in genesis Hubnente and wolframite are 
mainly found ui New Mexico, Arisona Nevada, and South Dakota, although the 
mmcrals are frequently met with m small quantities m other states iTiey do not 
form so important a commercial source of tungsten as ferbente and scheelite Con 
centrales of the latter mmeral are produced in California near Atoha, San Bernardino 
County, and also ui Inyo County near Bishop For many years the Nevada-Massa- 
chusetts Co has been the largest domestic producer from tames in Humboldt County, 
Nevada llecent search for strategic minerals by gov emment geologists and enguieera 
has revealed a large deposit of high grade scheelite in the Tellow Pme District, 
Valley County Idaho Scheelite concentrates are recovered as a by product of gold 
ores from the Jardme mine m Park County^ Montana Wolframite is mined and 
concentrated in Stevens County, Washington Domestic production of tungsten 
falls far short of our need'<, and imports of concentrates are received from the following 
sources listed in the order of importance China, Bolivia, Argentma Australia 
Portugal, Thailand Peru, Mexico, Burma, India 

Extraction from the Ores — Up to recent years, most methods of treatment of 
tungsten ores were small modifications of the original Oxland process which was 
patented m 1847 This involves a fusion with sodium carbonate of the finel) ground 
ore previously leached with hydrochloric acid to get nd of traces of bismuth if this 
metal is present Sometimes a small amount of sodium mtrate is added to the 
sodium carbonate The mixture is placed in a reverberatory furnace and sintered 
care being taken not to fuse It It is then removed and ground Frequent!}, this 
•1/5 Geol Sunrii Bull 6o2 p 22 
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treatment does not give a sufficiently high extraction of the tungsten, and involves 
a second sintering process. The sintered mass is leached with hot water in tanks. 
Tungsten dissolves as sodium tungstate, while the iron, calcium, and most of the 
manganese remain insoluble. Some of the phosphoric acid and silicic acid also dis- 
solve as silico- and phosphotungstates. Traces of manganese may also dissolve, owing 
to the sodium nitrate present, as sodium manganate. The solution of sodium tung- 
state may be either evaporated to dryness, or evaporated to the point at which crys- 
tallization takes place. The chief impurities arc sulphates, silicates, and arsenates 
of sodium, with traces of iron and manganese. Iron, manganese, and arsenic are 
precipitated by a small quantity of caustic soda, and the greater portion of the sodium 
sulphate will crystallize out before sodium tungstate. The silica remains in the 
mother liquor, after the crystallization of the sodium tungstate, and causes some loss 
of tungsten in the form of soluble silicotungstates, which, however, can be used as 
by-products for fireproofing purposes. The fairl}' pure sodium tungstate is redis- 
solved in boiling water and added to a boiling solution of hydrochloric acid made up of 
1 part of concentrated acid and 7 of water. Sometimes about 5 per cent of nitric 
acid is added. The result is the precipitation of the tungsten as hydrated tungstic 
oxide, which is filtered off and washed in filter presses. It is important that the oxide 
should be washed free from sodium salts, as otherwise on drjdng it has a greenish tinge 
which is not attractive to n urcliasc ^ 

One of the best method^-dTliot the best, for producing a high-grade tungstic 
acid is that of Ekclc 3 ' and Stoddard.* This process is used at one mill in Boulder 
Countj* for the treatment of medium-grade ferberite ores and concentrates. Usually 
middlings from the mills, or ore running 15 to 25 per cent WOj, are used. The prod- 
uct is a high-grade tungstic acid, said to contain less than 0.03 per cent phosphorus 
and 0.03 per cent sulphur, with onlj’ a small percentage of silica. After drying, the 
oxide runs 99 to 99.7 WOs. The ore is mixed with sodium carbonate and salt, and 
the charge is placed in sheet-iron pans 2 X 4 ft. and C in. in depth. This is placed 
in a firebrick furnace heated by oil burners. The charge is so proportioned that a 
gkass slag is obtained. I'lic heat-treatment requires about an hour, at the end of which 
the pans arc pulled out of the furnace onto an iron rack, clamped, and inverted, and 
the fused charge dumped into an iron receptacle, where it is allowed to cool. It is 
broken into pieces and ground in a crusher to approximately K-in. size. It is then 
mixed in a cement mixer with a hot-water wash liquor from a previous run. The 
contents are dumped into a screen-bottom trough, which retains the coarse residue. 
This is shoveled back into the mixer and washed with hot water, the wash water being 
used in the next run. The concentrated solution is allowed to settle, and the clear 
solution is given a secret treatment, which removes the last traces of the phosphorus, 
arsenic, silica, and other deleterious substances. This probably involves the use of 
magnesium chloride as a precipitant. After filtering, the clear solutions are run 
into a large wooden tank, heated, and calcium tungstate is precipitated by the addition 
of a solution of calcium chloride. The precipitate is allowed to settle and is scraped 
out and treated with commercial hydrochloric acid in a wooden revolving drum. 
After settling, the solution is drawn off through suction filters. The re.sidue is treated 
twice with hj'drochloric acid in this manner, and finallj’ the whole is dumped onto the 
suction filters. This treatment produces tungstic acid as a precipitate, and the acid 
solution contains calcium chloride and calcium sulphate. This is allowed to run into 
stone vessels, in which the calcium sulphate crj-stallizcs out, and the clear .solution is 
drawn off into barrels, to which lime is added, which produce.'? calcium chloride for 
further u.se. 


* U. S. imti-nls IS.S.jHl and 1322485. 
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Acid leschmg methods are also used in connection with all the commercial tungsten 
ores They are especially used for gettmg nd of manganese, and give good results 
with scheelite Ferberite, wolframite, and htibnente are soluble m hot concentrated 
hydrochloric acid but it is necessary to dig^t the ores m the acid for a considerable 
time Under such conditions the ores are decomposed and the manganese goes into 
solution, while the tungsten is precipitated as tungstic acid and remains with the 
insoluble residue After filtering, the residue is extracted with ammonia, which 
dissolves the tungstic acid, giving ammonium tungstate On ignition, this is decom- 
posed giving tungstic acid and ammonia, which may be recovered for further use 
Phosphorus is gotten rid of at some stage in the operation by precipitating with 
magnesium chloride, or, if tungsten powder la made from the tungstic acid, a con 
siderable amount of phosphorus can be leached out of the powder with hjdrochlonc 
acid Scheelite is soluble in hydrochlonc acid, but one firm adds to the ease of 
solubihty bj usmg hydrochloric aad and sodium chlorate The decomposition of the 
ore takes place in acidproof earthenware pots m a hood with a steam draft After 
complete decomposition the tungstic acid and insoluble silica are filtered ofi By 
using high grade scheelite the amount of silicn present is not large, and the refining of 
the product is not carried any further, but the acid, without further removal of the 
silica, IS used for the manufacture of tungsten powder 

Gin^ suggests a bisulphate fusion for the ore whenever tm is present This 
method, therefore does not apply specially to American ores, but is useful for some 
of the foreign ores The tin can be largely separated from the tungsten ore by means 
of magnetic separation but there is usually at least 1 per cent of tin oxide left behind 
with the tungsten The ore is decomposed by means of acid potauium sulphate in 
a muffle furnace After the sulphate is fused, the ore is thrown in, the mass is stirred 
continually, and the temperature increased until the whole mass is fluid enough 
to run out of the furnace After solidification the fused mass is ground and treated 
with water, which dissolves the soluble sulphates and phosphoric acid and leaves 
insoluble potassium acid tungstate as a wibte amorphous precipitate About 50 
per cent excess of bisulphate over that theoretically required la actually necessary 
llie insoluble residue is dried and treated with a warm solution of ammonium car 
boDste or cold ammonia water in which carbon dioxide m passed The potassiuin 
acid tungstate dissolves leaving the silica, the casaitciite, and the insoluble sulphates 
The solution is evaporated to crystalluation, which gives ammonium tungstate, from 
which tungstic oxide is made by heating 

Concentratioii Methods — Tungsten minerals have high specific gravities and are 
readily concentrated by jigs and tables TTiey slune badly, and slime tables or “rag 
plants ■’ were fonnerlj used to limit losses of slimed mineral Recent advances in the 
art of flotation are now being applied to the concentrations of sebeehte ore with con 
sirfr«Ci,yrt: VeirtSA, Si^iedifte concentrates oViea contain conSifieraVie gHrmit'n^hia» 
magnetically separated A roast to remove sulphur is also used m some cases 
Milling procedures have been improved and now yield 85 to 90 per cent recovery in a 
'•oncentrate well above the mimmum (60 per cent tVO,) market grade 

Metallic Tungsten — Aletallic tungsten can be made m a number of ways The 
purest product 13 obtained by heatmg a very high grade tungstic oxide in a current of 
hydrogen The oxide can also be reduced by means of carbon or metallic rmc 
Metallic alummum and magnesium also can be used instead of 2 inc Most metallic 
tungsten prepared commetcially is m the form of powder for making tungsten steel 
Reduction with carbon is the method usually used, as the reaction goes readily and 
presents few difficulties The reduction can take place either m a steel tube or in a 

I Tram Am. ElKtroehtm Soe. Vol 13 p 481 
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covered steel crucible. Davis' has carefully studied the conditions and temperatures 
necessary for the reduction of tungstic oxide to the metal. He finds that at 650 to 
850° the oxide goes to a black or purple on heating with carbon ; at 950 to 1050°C. a 
chocolate-colored product is the result (probably WO 2 ) ; and at temperatures above 
1050°C. the gray powdered metallic tungsten results. The ratio of tungstic oxide to 
carbon varies from 10; 1 to 10:1.6, depending on the process used, the temperature of 
reduction, and the time involved. A small excess of carbon can be partially removed 
by washing. Both fire-clay crucibles and iron tube give satisfactory results, and a 
product of over 98 per cent metallic tungsten can be produced. Whereas the reduc- 
tion to metal is complete at 1050°C., it is better to keep the temperature around 
1100°C. 

Shapely’s process for producing commercial tungsten is thus described:’ A scheelite 
concentrate is mixed with crude soda (trona) in a ball mill, and the batch transferred 
to a firebrick crucible and melted with crude oil fuel, the flame striking directlj' on 
the charge. When the melt is quiet, the charge is tapped, the molten material flowing 
directly into a small Pachuca tank nearlj’’ filled with water. The water is agitated 
violently by compressed air during the pouring of the charge and for an hour in addi- 
tion. The action of the water on the molten sodium tungstate shatters this material 
so that it will all pass a 20-mcsh screen and the sodium tungstate is easUj’^ and com- 
p\cte\y AissoVfeti. TVie charge from the Pachuca rs transferred te a redvjoed filter 
tank liaving a filtering medium of coco matting and canvas. The filtrate runs to 
storage tanks through a small filter press having filter paper between the plates. An 
absolutclj' clear solution results and, as the amount of insoluble matter is small, the 
press is cleaned only at rare inten'als. The material in the filter tank is washed 
several times and the wash water returned to be used for the next melt. 

To precipitate an easily filterable tungstic oxide, the solution is brought to boiling 
b}’ means of steam coils placed directly in the solution, and the boiling solution is 
transferred to stoneware crocks. The crocks are jacketed for hot water and contain 
enough hydrochloric acid to precipitate the tungsten as oxide. (About 3 per cent of 
nitric acid is used with the hydrocliloric.) If the solution is kept nearly at the boiling 
point, the precipitate will be comparatively coarse grained and easily filtered. 

The precipitated material is allowed to stand for an hour at a temperature close 
to 100°C., and the clear, weak acid solution decanted and replaced with distilled water 
obtained from the heating coils. The precipitate is run into a flat-bottomed filter 
tank having a filtering medium of coco mat and canvas (protected with shoveling 
strips) and is washed repeatedly with distilled water. An acid-free product results, 
containing about 45 per cent water, ns determined by beating a sample to 500°C. 

The batch is then transferred to a wooden mixer similar to a butter churn, and the 
correct amount of gas-house carbon is added to reduce the tungsten oxide to the metal. 
After kneading for half an hour, the mixture is transferred to fire-clay crucibles and 
allowed to dry slowlj', waste heat from the reduction furnace being used to dry the 
product completely. Any reduction in volume due to shrinkage during drying is 
made up with more dry material, and the crucibles arc covered with a graphite lid, 
ground to fit. 

Reduction is done in a special furnace, which is operated continuously and reduces 
a charge in about a 4-hr. heating at 1250°C. Fuel oil i.s used for heating the furnace. 

“I’lie metallic tungsten is a lumpy gray mass that must be ground and screened, 
and packed in 100-lb. tins. 

The process used by the Fansteel Products Co. uses a hand-picked wolframite ore 
which is charged in a small reverberatory, 200 Ib. ore to 100 lb. soda ash. The 

* Jour, Jnd, Kr\Q, Chtrm,, Vol. 11, No. 3, p. 201, 

* C/.rn. Mel. fTnp.. Vol. 24, p. 374, Man 2, 1921, 
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charge is hand rabbled at 800*C, which comerts all manganese oxide to dioxide, 
while the following mam reaction tales place 

2Fe\^ O 4 + O + KajCO, « 2Nft,'WO. + Fe,0, + 2CO, 

The tempefature must be Inpt low enough not to fuse the mass The furnace 
bottom IS now a 1 in iron plate, but basic bricl is recommended 

The furnace product la leached, and the sodium tungstate solution at 30 to SO'Bf 
13 brought to boding and 20*B<5. calcium chloride solution added The calcium 
tungstate thus produced la w ashed by decantation and is then boiled bj means of liie 
steam with hj drochlonc acid, thus producing tungstic acid 

1 bis tungstic acid is then converted to ammonium paratungstate and the ammonia 
remoxed b> nitric acid Ileference to the original article should be made for details 
of this process * 

Dsvia also found that the temperature of reduction with hjdtogen at ordinary 
pressures is much the same os with carbon The properties of metallic tungsten are 
unique, so that when it was hrst prepared it led to a search for methods for producing 
the metal in a ductile form It was found that this could be done by repeated heating, 
rolling, hammering, drawing and swaging Cast tungsten, or tungsten ponder, 
differs n idely m its properties from the pure raw material, such as is used m the manu- 
facture of incandcscent-lamp filaments The tungsten powder is brittle, crystalline, 
and hard and has a specific gravity of 16 to 17 The pure metal is softer and tougher 
and can bo welded at a yellow heat, even drawn into fine wire Its specific gravity 
sa I® Z 01 over, and the melting point close to 3270'C A wire of S-tnin diameter has 
a tensile strength of mor^than 450 000 lb to the square inch At a red heat, the 
metal oxidizes in air hfeltcd sulphur and phosphorus attack it slowly , potassium 
bisulphate, caustic alkalies, and fused nitrates attack the metal, but solutions of tliew 
salts have practically no action on it Hot dilute sulphuric acid affects it only slightly, 
but the concentrated acid dissolves the metal slowly At ordinary temperatures 
hydrochloric acid of any concentration has praclicaUy no action, but the strong boiling 
acid dissolves it slowly Concentrated nitric acid and hydrofluoric acid have very 
little action on tungsten, but the two acids when mixed attack it fairly rapidly 
FeiTotuagsteD — Tungsten is the principal rare metal used for alloy purposes 
in connection with the manufacture of high speed steels In making this steel eithci 
ferrolungstcn or tungsten powder may be used The annual production of the two 
IS probably about equal in quantity When ferbente is used, practically all ferro- 
tungsten IS made directly from the high grade concentrate without previous chemical 
treatment of the ore The product obtained in such a case contains usually 70 to 
85 per cent , 0 6 per cent C, 0 4 per cent Si, 0 5 per cent Mn, 0 01 per cent S and 
0 02 per cent P Ferrotungsten has a high dcnmty and fine gray fracture, and u not 
crystalline 

Keeney* givca a detailed description of the manufacture of ferrotungsten The 
reduction with carbon goes readily The slag may contain ns high as 8 per cent FeO 
but leas than 1 per cent 1\0, Theoretically, the reduction of lOO parts of alloy 
from 122 parts of ferbente requires 16 parts of carbon, but practically about 25 per 
cent excess of carbon is charged Small amounts of lime and fluor spar are u-ied to 
flux the silica Operating in this manner, with an excess of carbon, a product is made 
contammg 3 per cent C, 70 per cent W, 005 per cent P, and 0 01 per cent S, with slag 
conlaming below I per cent \\0, The analysia of a typical concentrate for the 
manufacture of such a product is Oj, 00 36, Fe, 22 0, SiOj, 8 0, Mn 0 05, S 0 35 
and P, 0 05 per cent ’ 

‘ClifPi,3(et Ene tot 32 p 0 Jan 7 W20 
fBull A r SI E Atifimt I9IS p 133i 
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A typical operation involves charging into the furnace 65 Ib. of a mixture composed 
of 200 lb. concentrate, 42 lb. coke, 56 lb. lime, and 6 lb. fluor spar. Three more 65-lb. 
charge.s are added at intervals of hr., and at 2J^ hr. from the start the furnace is 
tilted and the slag poured. This cycle is repeated until a 1200-lb. button has been 
formed, requiring 24 to 36 hr. The furnace is allowed to cool, is torn down, and the 
button of metal removed, cleaned, and broken up. This crude metal is refined as 
follows; A charge of 150 lb. metal and 75 lb. ferberite concentrate is smelted for hr., 
when 12 lb. of fluor spar is added. After another 3 hr. the slag is poured and a fresh 
charge is started. The process is continued for 36 to 48 hr. until a button weighing 
1500 lb. has been formed, when the furnace is allowed to cool, is torn down, and the 
button of metal removed, cleaned, and broken. Ferrotungsten containing less than 
1 per cent carbon can be made in a single smelting operation by careful regulation 
of the carbon in the charge and the use of an acid slag. The product, however, is less 
pure and the slag loss is higher. In addition, the metal will contain more phosphorus 
and sulphur. 

Tungsten Carbide. — Tungsten carbide is nearly as hard as a diamond, but it is so 
brittle and hard to prepare in massive form that no use was made of this property 
until recently. By a method developed in Germany, fine crj-stals of tungsten carbide 
arc mixed with powdered cobalt, pressed into small bars, and sintered to produce 
most remarkable tips for machine tools. Although the amount of tungsten thus used 
is small, carbide-tipped tools have had a profound effect on the machine-tool industry. 
They can be used to machine hardened steel, glass, porcelain, plastics, and many other 
substances that were formerly cut only with diamond points. The carbide tips are 
much more rugged than a diamond and are not injured when cutting plastics with 
metal inserts. With these tools the cutting speed of lathes can be increased many 
fold, and much less time is required to maintain a sharp cutting edge. 

Uses of Ttmgsten. — The main use for tungsten is in the manufacture of steel, 
especially high-speed steel. Such steel is generally made by the crucible process, 
although not always. A steel suitable for such use may contain as high as 15 or 20 
per cent tungsten, and as low as 8 or 10 per cent tungsten, and 4 per cent chro- 
mium. Vanadium and molybdenum may also be used in small quantity, and uranium 
has in some special steels partially replaced the tungsten. Tungsten is also used in 
self-hardening steels, or those requiring no tempering after forging. They may have 
a composition between the following limits: W, 2.4 to 3.4 per cent; Cr, up to 6 per cent; 
C, 0.4 to 2.2 per cent; and Si, 0.2 to 3 per cent. 

The chief property that tungsten gives to steels is tensile strength, which, with 
the elastic limit, increases within certain limits as the percentage of tungsten increases. 
Elongation and resistance to shock diminish proportionately, and the hardness 
increases fairlj’- consistently with the percentage of Umgsten. Tungsten is also used 
for filaments in electric lamps. For making the filaments, the "squirting” process was 
originally employed. This involved mixing metallic tungsten powder with an organic 
binding material, such as gum, and these were squirted into the filament. The car- 
bon was eliminated by placing the filament in an atmosphere containing a volatile 
compound of tungsten, such as the oxychloride, and a small quantity of liydrogen. 
On heating the filament by an electric current, the carbon was replaced by tungsten. 

Another method consists in mixing metaUie tungsten powder with an amalgam 
containing equal amounts of cadmium and mercury and squirting the mixture through 
a die in the usual way. The cadmium and the mercury in the filament arc volatilized 
by heating, and the filament retains the usual brittleness, but after continued heating 
at higher tomperatiircs the filament becomes pliable and c.<m be bent. Drawn fila- 
ments arc now used, the drawing being made possible by hammering, heating, swag- 
ing, etc. Tungsten is also a constituent in the so-called “bronze powders” employed 
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for decorative purposes, and lias also been used to a small extent in the fireproofing 
of cloth and other fabrics, as a mordant for silk, and for colormg glass and porcelain 

Analytical Methods for Tungsten — ^l^ingsten in ores can be determined quantita 
tively by the following method The ore ground as finely as possible in an agate mortar 
js fused with five to ten times its weight of sodium potassium carbonates and extracted 
withhotwater If any gritty particlesremam another fusion is neeessarj Anequal 
volume of concentrated hydrochloric ac\d la added to the aqueous solution of the 
alkahne tungstate, and the whole evaporated to dryness, after which the silica is 
dehydrated by heating at 120''C for an hour The residue is moistened with hydro- 
chloric acid, taken up with water and boiled, then filtered and washed w ith 5 per cent 
IICl or ammonium nitrate solution The filtrate contains a small amount of tung 
sten, which is determined bj heating the filtrate and the washings to boiling and 
adding 5 to 6 cc of a cinchonine solution, made by dissolving 25 g of cinchonine in 
200 cc of 1 1 HCl This is allowred to digest on a hot plate, while the other opera 
lions are bemg performed 

The precipitated tungstic oxide is dissolved in hot ammoma solution (l\atts 
solution of 200 cc of strong ammonia, 1000 cc of water, 10 cc of HCl), filtered mto 
a phtmura dish, m which the filtrate and washings are evaporated to dryness anil 
Ignited The cinchonine precipitate is filtered and w ashed with hot dilute cinchonine 
solution (100 cc WTiter to 5 to 6 cc of the above solution), dried, and ignited in 
the platmum dish with the tungstic oxide A few drops of sulphuric acid aud a little 
HF are added, and the SiOi dnven ofi at a dull red beat The tungsten is weighed 
as WOi Small quantities of impurities may be removed by treatmg the ^\Oi with 
the ammonia solution Gltcnng and agam igniting 

Ferrotungsten can be analyzed by the following method, which was used at the 
laboratories of the Tungsten Products Co at Boulder, Colo 

The refined ferrotungsten, crushed and rolled to pass a in mesh screen goes 
to a machine which automatically mixes samples and sacks the product for shipment 
The anmpler is of a ty pe developed by this company, which cuts one fifth of the total 
mix This cut passes through the machine again after bting rolled to approximsfelv 
H in me«h If the original mix is very large, the operatvon la repented to bring tho 
weight of the sample down to less than 500 lb This final sample from the automatic 
IS passed repeatedly through a riffle sampler until the last cut weighs 15 to 50 lb 
This goes to the laboratory sampling department, where it is reduced in a steel mortar 
to pass a ^0 m screen The pounding noce»ary for this process is done bj a 2 in 
Ingersoll Rand piston drill set up vertically m a frame above the mortar and peslk 
in such a manner that it is used as an air hammer The sample is thoroughly mixed 
and split twice and one-quarter la then further reduced to pass a 10-mesh screen 
This procedure of screening, mutng, and splitting la contmued through a senes of 
screens until the last portion passes the 200-mcsh screen, givmg the analyst about 
rfiioiiAypowiierei rae'ca'i 'The operation ol reducing a '2 Wd 8amp'i'''tvi.'Vf«'l 
from the smelter to a 100*g laboratory pulp of 20O-mesh powder by this system 
requires about 1 hr 

For the determination of tungsten twx> 1 g samples are mixed separately m nickel 
crucibles with about 5 g of sodium peroxide and a cover of sodium carbonate Fusion 
is done m an electric muffle at about SWC , which requires 6 to 7 mm to make s 
perfect decomposition Cool, Icachoutinwatermcovered4CK)-co beakers Remove 
crucibles, and acidify carefully with hydrochloric acid, usmg a moderate excess Add 
about 2 cc nitric acid or HjOj to assist in dissolving any small fragments of nickel 
oxide scale, and bring to a boil Most of the tungsten separates as HjWOi and all 
iron and nickel salts are in solution Add about 40 cc cinchonme solution, stir and 
let stand in a warm place for about 4 hr , or preferably overnight This precipitates 
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all the remaining tungsten as cinchonine tungstate, and it has proved to be just as 
effective a reagent for this purpose as quinine hydrochloride. Filter off the settled 
precipitate through a 15-cm. close-weave paper arranged over a platinum cone and 
suction flask. Wash thoroughly with warm dUute cinchonine wash water, using 
gentle suction. No trouble will be experienced due to the precipitate sticking to the 
beaker if a few drops of hydrofluoric acid are used. 

The washed precipitate is transferred to a shallow gold dish of known weight and 
ignited to WOj in the muffle. Cool, moisten with 10 or 12 drops of hydrofluoric 
acid to remove any traces of SiOj which might be carried down, dry, and ignite again. 
Weigh and calculate to W. The factor is 0.793. Duplicate determinations carried 
out in this way should check to within 0.10 per cent. The proportions used in the 
cinchonine solution are 50 g. of cinchonine alkaloid dissolved in 2 1. of cold water 
containing 150 cc. of hydrochloric acid; for the cinchonine %vash water, 100 cc. of the 
above cinchonine solution and 50 cc. of hydrochloric acid diluted to 1 1. with ho* 
water and used from a bulb wash bottle is convenient. For the determination of 
carbon — ferrotungsten and tungsten metal powder burn completely and readily in 
oxygon — and carbon is easily determined in any type of combustion train. In the 
laboratory mentioned they prefer to catch the CO* in a Meyer bulb in 2 per cent 
barium hydrate solution, to filter, wash, and weigh the BaCOj. 

The usual fusion-oxidation methods of determining sulphur are all open to objec- 
tions when applied to a ferroalloy or other material whose sulphur content is below 
0.05 per cent. The blank is always high, due to traces of sulphates in fluxes and 
reagents used and the danger of picking up fumes or traces of sulphuric acid from the 
apparatus of a general laboratory. The sulphur content of ferrotungsten occurs as 
sulphides, which, in a finely ground sample, are completely decomposed, yielding HjS. 
This suggests at once the application of the method which has been used successfully 
for many years. Two to five grams of 200-mesh ferrotungsten or metal powder is 
weighed into an evolution flask. Cover with 50 cc. of water, and add 25 cc. of strong 
hydrochloric acid by way of the separatory funnel. Heat to boiling, and boil for about 
10 min., catching the evolved gas, air, and steam in ammoniacal cadmium chloride 
solution. The usual yellow precipitate of cadmium sulphide shows the presence of 
sulphides in the alloy. Wash the cadmium chloride solution from the bulbs, then cool, 
acidify with hydrochloric acid, and titrate at once against a weak iodine solution 
(1 cc. = 0.0005 g. of sulphur), using starch as an indicator. The iodine solution is 
standardized bj' using a government standard steel of known sulphur content, or by 
using a ferrotungsten of known sulphur content. Boiling with dilute hydrochloric 
acid does not dissolve the alloy, but does decompose the sulpirides present, as may be 
shown by filtering off the contents of the evolution flask after the operation and exam- 
ining for sulphur bj' a fusion method or by a combustion method. 

The removal of phosphorus from the alkaline liquor after a fusion decomposition 
of ferrotungsten presents certain difficulties. Precipitation with magnesia mixture 
from dilute solutions is incomplete imless much time is allowed for this step, also 
precipitation from concentrated solutions either as magnesium-ammonium phosphate 
or as aluminum phosphate tends to drag douTi some tungsten, involving another 
step for its removal. To avoid these difficulties, the use of uranium acetate has been 
introduced at this stage. The precipitation is quantitative from moderately dilute 
solutions, and no dragging down of tungsten occurs. Weigh a 1-g. sample into a nickel 
crucible containing 6 to 8 g. of chemically pure NajOj. Mix thoroughly and cover 
with about 1 g. of chemically pure NajCOj. Ignite in a mtiffle to complete fusion 
of the fluxes. Cool and leach out carefully with warm water in a 250-cc. covered 
bejiker. Ilcmove the crucible, and partly neutralize the NaOH with 25 cc. of HCl 
(1:3) to permit filtering without dilution. Stir and then allow the dense Fe(OH), to 
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settle out while standing on a warm plate Decant off through a 12 J^-cm qualitative 
paper into a 60O-cc beaker Wash the precipitate into the filter, allow it to dram 
thoroughly, then give it two good washes with hot water, stirring up the precipitate 
well with a fine jet Reserve this precipitate of Fc(OH)j, which contains a small 
amount of phosphorus, to add to the uranium precipitate obtained from the tungsten 
solution 

Acidify the filtrate of sodium tungstate and sodium phosphate with acetic acid, 
using 30 cc of 40 per cent acetic Add 2 cc of 6 per cent uranium acetate solution 
Boil off all COj Make just alkaline with NHiOH (I 1) This will require about 
20 cc The precipitate is ammonium uranyl phosphate Add 2 cc more uramum 
acetate, which precipitates at once as uramum hydroxide and serves to drag down the 
last traces of phosphate, as well as to assist in filtering the ammomum uran}l phos* 
phate Boil off any large excess of NH 4 OH Filter through a qualitative paper, and 
wash twice with hot water to remove tungsten Place the precipitate in the same 
beaker together with the iron precipitate obtained above, add 30 cc water and 25 
cc strong lutnc acid Boil until both precipitates are in solution and the filters 
reduced to pulp Filter into a 500-cc Erlenmeyer flask, washmg the pulp once with 
hot water Add See of 5 per cent KMnOt solution to acid filtrate Bod to oxidize 
all phosphorus to HjPOi Clear of MnO* by adding 2 cc of HjO* (I 1) Boil to 
remove excess HjOj, and cool under the tap Add45cc ofNH»OH(l I), which will 
nearly neutralize the nitric acid, then 50 cc of moljbdate solution Stopper the 
flask, shake for 5 min , and let stand at least 15 min before filtering Filter through 
a 9-cm filter Wash with acid ammomum sulphate wash solution to remove all 
nitromolybdate Dissolve the yellow phosphomolybdato in hot dilute ammonia 
water, which must be free from chlorides, into the same Erlenmcj er flask Wash the 
paper well with alternate washes of ammonia water and hot water When cool, 
acidify with 5 cc of H 1 SO 4 (t 1) and pass through the reductor, following with a 
thorough wash of cold water Titrate against standard KMn 04 solution to the same 
end point as used m detenniaing the reductor blank The iron value of the standard 
permanganate solution times 00163 equals the P \alue The ammomum sulphate 
wash solution must be distmctly acid A good formula is HtS 04 (I 1), 100 cc , 
NH4OH (1 1), 60 cc , water, 21 If convenient, it is well to allow the precipitate of 
vellow pliosphomolybdate to stand about an hour after shaking for 2 min A blank on 
all reagents, including a fusion of NajOi and NajCOj, should be earned through with 
the determinations It is sometimes desirable to add a measured quantity of dilute 
phosphate solution of known phosphorus content to the blank for close work Checks 
should agree within 0 015 per tent P 

MOLYBDENUM 
(Atomic weight » 96) 

Occurrence — The chief commercial minerals of molybdenum are molybdenite, 
MoSj, wulfemte, PbMoO. and molybdite, FcOi 3MoOi 7>^H,0 Of lesser impor- 
tance are ilsemannite (possibly MoO, SO* 5H A>) , belonesite, MgMoOj. and powellite, 
CaMoOi The first three are the only ones from which molybdenum is obtained 
commercially Molybdenite contains 59 5 per cent molybdenum and 40 5 per cent 
sulphur It is a soft opaque lead gray mineral with metallic luster It frequently 
occurs uv flakes or seal's, resembling some micas as regards its cleavage In hardness 
it ranges from 1 to 1 5, and readily leaves a mark of a bluish gray color on a paper 
Its specific gravity is 4 7 to 4 8 The mmeral is widely distributed throughout the 
United States, especially in the West, and, whereas it is found in a large number of 
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localities in small quantities, there are also several large deposits which are being 
worked commercially. 

The most important of these is at Climax, Colo., near Leadville. Here a largo 
portion of a mountain is impregnated with the mineral, and, whereas the grade aver- 
ages less than 1 per cent M 0 S 2 , the amount of ore available is very large. Another 
large deposit is on Red Mountain, near Empire, Colo., about 50 miles due west of 
Denver. There are two mills at Climax and one at Red Mountain. Smaller deposits 
of molybdenite are found in several places in the United States, especially in Arizona, 
New Mexico, Nevada, California, etc. Wulfenite contains theoretically 26.15 per 
cent of molybdenum and 56.42 per cent of lead. It is a brittle, heavy, semitransparent 
mineral with resinous luster and is generally of a wax or orange-yellow color, although 
occasionally it is olive green, yellowish gray, or even brown. Its hardness is 2.75 to 
3, and its specific gravity is 6.7 to 7. It crystallizes in the tetragonal system, and the 
crystals are commonly square and tabular and sometimes very thin. Less frequently, 
they are octahedral or prismatic. Like molybdenite, wulfenite is widely distributed 
in the western states; probably the largest known deposit is at the Mammoth mine. 
Mammoth, Ariz., from which a very considerable tonnage of concentrates has already 
been obtained. It is, however, found in numerous other places in Arizona, Nevada, 
and to some extent in New and Old Mexico. Molybdite is a hydrous ferric molybdate, 
lemon yellow to pay yellow in color, and occurs as an earthy powder, usually as 
incrustations. Molybdite is an alteration product of molybdenite, probably formed 
by the interaction of molybdic acid and limonite, the molybdic acid being an oxidation 
product of the molybdenite. 

Molybdite, therefore, is frequently found associated with molybdenite, especially 
where the latter mineral has had a chance to -weather. Molybdenum minerals are 
found in notable quantities in several foreign countries. Molybdenite is found in 
Queensland, New South Wales, Norway, and Canada. Only since 1923 have com- 
mercial amounts of molybdenum been produced in the United States, and the world's 
supply came from Queensland, New South Wales, and Norway. Domestic produc- 
tion has increased from 500 tons in 1925 to over 17,000 tons in 1940; the latter being 
more than 90 per cent of total world production. 

Although Climax has consistently maintained its leading position, the recovery 
of molybdenum concentrates as a by-product of copper operations at Bingham, Utah, 
Chiro, New Mex., and Miami, Ariz., has become increasingly important and amounted 
to 30 per cent of domestic output in 1940. The recovery at Chiro is described in the 
Engineering & Mining Journal, Vol. 140 (September, 1939) as follows: The concen- 
trate from the cleaner cells carries about 30 per cent Cu and 0.5 per cent Mo. It is 
freed from reagents by steam, reconditioned, and the M 0 S 2 floated out. The tails 
carry 30 per cent Cu, 0.06 Mo. 

Extraction from the Ores. — As ferromolybdenum, which is the chief use foi 
molybdenum, can be made directly from molybdenite concentrates, it is not necessary 
to treat molybdenite chemically unless molybdic oxide or ammonium molybdate are 
required for chemical purposes. In the latter case, the molybdenite may be roasted 
to oxide, treated with ammonia, which dissolves the molybdic oxide as ammonium 
molybdate, filtered, and evaporated to dryness, or to crystallization of the ammonium 
molybdate. On ignition the ammonia is driven off and may be recovered for further 
use. 

Climax Conversion Practice. — The present practice of the Climax Molybdenum is 
described by E. S. ^Vll^eler as follows;‘ The 12-hearth roasting furnaces at Langelotli 
have been arranged so that the reaction gases can bo withdrawn from each hearth 
from the eighth up scparatclj-, while air can be admitted in any desired quantity on 

' Tnh. Paper 1718, February* meeting, 1044. 
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each hearth from the third to the socnth As a result, it is posBibie to Veep the 
hearth temperatures down to about the subhinmg temperature of znoljbdcnum oxide 
(1100®! ) with great increase m furnace capacit>, better rccover> of the oxide, and 
greatly decreased furnace repairs About 30 per cent of the roasting furnace produc- 
tion IS sold as "technical inotjbdic oxide” carrjHig 56 to C2 per cent Mo, 5 to II per 
cent insoluble, 0 5 to 1 0 per cent Fc and email amounts of sulphur, copper, hme, and 
zme 

Calcium molybdate was originally prepared at Langeloth bj mixing roasted con- 
centrates with quicklime and water and heating to form a technical molybdate con- 
taining about 40 per cent Mo It was later discovered that if uncalcincd pulverized 
limestone of liigh purity was thoroughly mixed with the roasted concentrates, the 
product was suitable for direct addition in steel furnaces 

Molybdic oxide briquettes arc an important item in the Climax production Con- 
centrates of known molybdenum content arc thoroughly mixed with air-floated pitch 
and the mixture fed by gravity to hydraulic briquetting presses, which have a com- 
bined capacity of 60,000 to 80,000 lb Mo perday 'fhe average briquette pressure is 

10.000 to 1 1,000 Ih per sq m , but a pressure of 18,000 lb can be applied The bri- 
quettes arc 4 in in diameter and 4 to 4 tj m long, and the mold liners are chromium 
plated on the inside to withstand abrasion flic liners require rcpiating about each 

100.000 briquettes 

Molybdic oxide is prepared by heating technical oxide to about 1800 to 1900’F 
Au IS draw n m over the heated surface and sweeps the MoOi into a metal flue leading 
to a bag Alter where the pure oxide is collected Tlic tailings from this process ore 
sent back to use as raw material m other processes 

Fecromolybdenutti is still produced by the Thermit process A typical mix is 
1300 lb molybdenum as oxide, 116 Ih low-grade aluminum, 1122 Ib fcrrosihcon 
(50 per cent grade), 018 tb iron ore (CO per cent grade), ICO lb hmc,andS01b floor 
spar The mixture is run into a brick-lined ulccl shell and the reaction started by 
Igniting the charge w ith a mixture of aluminum and sodium peroxide The reaction 
tequiTcs about 20 mm , alter which the slag is tipped off w Ah the exception of a tbm 
protcctiv c lay er and the metal given 4 to 6 hr to solidify 

ulfenitc presents a more diflicult metallurgical problem than molybdenite Thii 
mineral nearly always carries small quantities of vansdinite, and the two cannot be 
separated mechanically Itissock first used a sodium carbonate fusion method in a 
Email blast furnace The niillenitc, mixed with sodium carbonate and coke, was 
strongly heated, and the lead was obtained as mctalbc lead, while the molybdenum 
went into the slag m the form of sodium molybdate This slag was used directly in 
the electric furnace for the making of ferromolybdenuro, but the excess of sodium 
carbonate had very decided and deleterious elTects on the furnace linings HoUaday 
prepares a sodium molybdate slag reasonably free from lead and other impunlies, 
then leaches the slag with water, and adds dilute calcium chloride solution in the cold 
This precipitates most of the impurities that arc atill present, w bile the moly bdenum 
stays in solution On Altering and boiling and adding excess calcium chloride, the 
molybdenum is precipitated as calcium moly bdatc, w Inch can be useil for the prepara- 
tion of molybdic oxide or can be used cbrectly in the making of molybdenum sted 
Conditions for the precipitation of calcium moly bdale hav e been studied carefully by 
Bonardi * 

Concentration Methods — MoUbdexutc can be concentrated readily by flotation 
methods An ore carrying less than 1 per cent can be concentrated to a product 
carrying 60 or even 70 per cent molybdenite Usually , mixtures of kerosene and pme 
oil are used, although other oils give satiafactozy results on certain ores IVulfeaite 
•CTem A Met Eng , Sept J5 1919 
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can be concentrated by ordinary milling methods, using tables and slimers. The 
mineral crushes readily, but an ore carrying as little as 0.5 per cent MoOa as wulfenite 
can be concentrated with a fair rccover^^. Vanadinite, which is frequently associated 
with it, cannot be separated to form verj’- satisfactory products, as the specific gravities 
of the two minerals are almost the same. 

Metallic Molybdenum. — Metallic molybdenum may be prepared by reducing 
molybdic oxide with aluminum powder or by heating the trioxide or one of the 
chlorides in a current of hsMrogen. It may also be prepared by heating a mixture 
of molybdenum trioxide with one-tenth of it.« weight of sugar charcoal in an electric 
furnace in a carbon crucible. The pure metal is malleable and is not hard enough 
to scratch glass. It has a specific gravity of about 9 and can be forged when hot. 
It oxidizes readily at a dull red heat and is attacked by fused potassium chlorate, 
nitrate, etc. 

Ferromolybdenum. — Tlie raw materials for ferromolybdenum may be molyb- 
denite, molybdic oxide, a sodium-molybdate slag, or calcium molybdate. The 
reducing agent is usually carbon, although 90 per cent silicon material ground to 
GO mesh has been used. Lime and fluor spar are used as fluxes. The reaction that 
takes place with molybdenite is as follows: 

2 M 0 S 3 + 2CaO -b 3C = 2Mo -f 2CaS + 2CO + CS 2 
Reduction with silicon metal gives the following reaction: 

M 0 S 3 -b Si = Mo -b SiSs 

According to Keeney, ‘ for about 100 parts of molybdenite, 58 parts of lime are 
necessary for slagging the sulphur as calcium sulphide. The reaction works close 
to the theoretical, and there is no difficulty in making a product with about 0.1 per 
cent sulphur and 1 to 3 per cent carbon. With sodium molybdate slag, the reaction 
is as follows: 

NasMoO^ -b 3C = Mo -b 3CO -b NajO 

The reduction of sodium molybdate requires considerably more power than the 
reduction of the sulphide or oxide. The average power consumption is 7 to 
kw.-hr. per lb. of molybdenum produced. The recovery varies from 78 to 80 per 
cent with a loss of 10 per cent in the stag and 10 per cent mechanically by volatili- 
zation. Ferromolybdenum containing 80 per cent molybdenum and under 1 per cent 
carbon caimot be regularly tapped from the electric furnace. 

Production of molybdenum alloys by the direct addition of calcium molybdate 
to the molten steel is rapidly replacing the use of ferromolybdenum. Other sim- 
ilar molybdate compounds or briquettes of molybdic oxide have also been used. 
These direct methods are more economical because one furnace operation is elim- 
inated and less molybdenum is lost in slags. The molybdenum compounds arc 
reduced to metal in the steel bath by the same reactions that are used for production 
of ferromolybdenum. 

Uses of Molybdenum. — Molybdenum is used chiefly to make special alloy steels, 
usually in combination with other alloying elements. In many cases, it is substituted 
for strategic metals, such as tungsten, nickel, and manganese, since ample supplies of 
molybdenum arc available in the United States. Alloy steels containing molyb- 
denvim arc finding increasing use in the aircraft, automotive, and railroad industries. 
The amount of molybdenum in such steels varies from 0.2 to 3 per cent, but rarely 
above 1.5 per cent. The newer developments include the addition of molybdenum 
to a 3 per cent chromium steel used for crankshafts, a nitriding steel contaming 

' BuU. A.I.M.E., August, 1918. p. 1334. 
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chromium, molybdenum, and nickel (but no aluminum), and a steel containing 
2 per cent chromium — 0 50 per cent molybilcnum used for lining cylinders of aircraft 
engines Molybdenum steels are used by railromls in tires, car %vhecls, flues and 
cyimdera, also nickcl-chrommm molybdenum atccl for rods, pistons, axles, shafts, and 
puis Siicli steels arc largely user! m oil-well drillmg and oil-refining equipment 
Mol>bdcnum alloy steel for high-speed cutting tools and dies is receiving increased 
attention 

Molybdenum compounds arc used in the chemical and ceramic industries, but the 
consumption in these expanding fields w not targe 

Analytical Methods for Molybdenum — ^Thc following is a revision by Doerner 
of the method of Bonardi and Barrett of the U 6 Bureau of Mines Take n 0 2'>. to 
5 0-g sample of finely pulverised ore, add 16 cc IINOj, and heat until the brown 
fumes are gone Carefully add 10 cc IK 1 and heat 20 min , or until decomposition 
iscomplctv If much lead 18 present, asinwuKcmle, take to fumes v.ith lOcc 
cool, dilute to 60 cc , and heat to dissolve soluble sulphates Cool and filter ofi the 
lead Add an excess of ammonia and 5 ec of magnesia mixture If much calcium la 
present, add 5 g of NaiC Oi Boil 10 min and filter, noshing well with hot water 
If the precipitate is large, dissolve it m IICI and repent the precipitation 

In, rare ca^cs molybdenite is not dismticd by aenls Tusioti with a NajOj and 
NaiCOi mixture is then necessary The melt la dissolved m water and filtered The 
filtrate is saturated with IltS and barely acidified u ith HCI Heat to boiling, filter, 
and Mash with hot water Dissolve the MoS» precipitate in I to 1 lINOj, and tskoto 
fumes with 10 cc of IltSOi Coot, dilute, filter, and make alkaline with ammonia 
The solution should bo about 250 cc m xotumc Make acid » ith IICI, using methyl 
orange ns an indicator, and add 6 cc mexceas Add5 to lOg of sodium-ammonium 
acetate The addition of 8 drops of IINOi is recommended by ciscr > 

Titrate hot with lead acetate solution (about 18 g ot cry'Stalliscd salt per liter) 
until a test drop gives no color with a drop of tannic acid solution Tor accurate 
work or to standardize the solution, add 2 cc excess of lead acetate, heat 20 mm , and 
filter, M ashing well « ith 2 per cent NII«NO» solution Ignite the precipitate and filter 
m a fire-clay annealing cup in a mufile at dull-red heat The weight of the PbSIOi 
precipitate limes 02615 «» Mo 
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CHAPTER XXIII 


METALLURGY OF RADIUM AND URANIUM 

By H. a. Doerner* 

Occurrences. — As uranium is the mother of radium, the two elements are always 
found together as uranium minerals. Therefore the metallurgy of these related 
elements is unavoidably connected and must be treated in the same chapter. Uran. 
ium considered as a ferroalloy material, however, has been treated in the preceding 
chapter. 

Uraninite, better known as pitchblende, and carnotite are the most important 
radium ores. Pitchblende is uranium oxide {UO3, UO 2 ) of indefinite composition 
containing variable amounts of Pb, Ca, Fe, Bi, Mn, Cu, Si, Al, rare earths and, of 
course, radium and other products of the atomic disintegration of uranium. Minerals 
apparently derived from pitchblende (alteration products) include; gummite (hj'drous 
silico-uranatc of Pb, Ca, etc.), soddite (hydrous uranium silicate), curite (hydrous lead 
uranate), becquerelitc and shoepito (uranium hydroxides), kasolite (hydrous uranium 
lead silicate), torberite (hydrous uranium copper phosphate), autunite (hydrous 
uranium calcium phosphate), and carnotite, a potassiurn uranyl vanadate of a rather 
definite composition, approximating the formula K 5 O. 2 UOj.VjO 6 . 3 H 2 O. 

Historical. Austria . — Radium was discovered in, and first produced commercially 
from, pitchblende found in the silver mines at St. Joachimstal, Austria. These 
ores have been mined since 1517 for silver and later for cobalt and bismuth. As a 
result of Madame Curie’s discovery and isolation of radium from these ores, the 
Austrian Government established a plant in 1898, which has continued production 
under the Czechoslovakian and German governments. 

The ore is in mica schist interbedded with limestone with post^mineralization 
intrusions of gneiss. The vems occur as stringers and pockets 6 to 36 in. wide, con- 
taining a number of metals such as Ag, Ni, Co, Bi, As, and U in a variety of minerals. 
Galenite, blende, pyrite, marcasite, and cuprite occur in minor quantities. Similar 
but le.ss important deposits occur in Saxony. 

Portugal . — Portugal was the second nation to produce radium ores. Production 
has been small but consistent from autunite ores located between Guarda and Sabugal. 
The deposits are excellently described by Segaud and Humery.” 

Corntcall . — Pitchblende also has been found in the tin-producing region of Corn- 
wall, England. It occurs in veins of silver-nickel-cobalt ores where they contact 
dolomite. The mines arc worked principally for bismuth, ocher, cobalt, and nickel. 
Pitchblende, being a valuable by-product, has been recovered consistently in relatively 
small quantities.’ 

United States . — Small and intermittent production of pitchblende has come from 
mines near Central City, Gilpin County, Colorado, These originally were worked 
for gold. The rock containing pitchblende, galena, .sphalerite, etc., is a fine-grained 
aplitic granite. Specimens of pitchblende also have been found in feldspar quarries 

* Enjjiaccr in cliarEe. U.S. Bureau of Mines Experiment Slation, PuUman, ^Yash. 

* Skoaud and Hcmeuy, Les Giseraents d'uraniumdu Portugal, .Ann. mines, M^moires, Scr, ' 1 Vol. 3, 
op. ni-ns. 1013, 

’ IJraiiEn, Bahhow, and McAlubteh, The Geology of the County around Boduiti and St. .Aiistcl, 
•tfem, Gf jl. Surrrt) Ivnolond ond ll'altj, 1909. 
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XU Conntclicui and pegmatite veins m North Carolina, South Carolina, Texa'i, and 
South Dakota 

But the first large scale production of radium was derived from extensive camotitc 
deposits located in the and regions on both sides of the Colorado-Utah border fhese 
ores were discovered in 1881, but their nature was unknown until 1887 Previous to 
1910, considerable carnotite was exported to I uropefor treatment, and afew small local 
plants extracted urnnnim and vanadium but no radium, with onl^ moderate success 

In the fall of 1912, representatives of the L S Bureau of Mines made a survey 
of the carnotite deposits and announecd’ that they constituted bj far the largest 
known source of radium ore Tins bureau also made a studj of methods for recoi er 
jng radium, lanndium and uranium from these ores and operated a pilot plant to 
demonstrate the economic possibiblics of a selctted proci^s* 1 rom 191G to 1923 
domestic production of radium from these deposits far oxceedtd tlie Buppl> from all 
other eoiircca 

Carnotite H a secoiidarv mini nil eanars ydlow in tolor It omirsasdi's.'.i niinated 
prams and incrustationa in a light colotoil laniUtonc overlaid in places li> shale an I 
conglomerate Ihc deposits are ermtiinll} distnlmtid in pockets and the cost of 
mining and development is therefore high I xeopHonal claims haie produced 500 
Ions of shipping ore which avcrageil only 5 to 10 mg of radium per ton In contrast 
to pitchblende, a high grade toiiccntralc cannot Lc obtained by ore-dressing processes 
Lack of water and otlier mdustnnl facilities in the region in which the deposits an. 
located made it ueccssarj to ship the ore considerable distances to reduction plants 
The Bureau of Mines reported opcroting costs for its pilot plant m Denverss $37,669 
per gram of radium recovered The ore cost $96 33 per ton delivered Subsequent 
mining costs were often higher, and the nominal market price for radium obtained 
from carnotite was seldom less than $100,000 per gram 

Bsiffian Congo — Badium ores were discovered while prospwliiig for copper in 
Ivatanga Belgian Congo on Jan 22 1913 Little was done with this discoicry 
until 1921 when active research and development was started The deposits ate in 
veins of moderate tluekness and arc cxtrcmelj irregular Primary pitchblende 
found in tlie central part of the ore bodies is surrounded by alteration products 
chiefly torbermte, cuntc, and kasoUte llie ore is of such exceptional grade that it is 
feasible to ship it to Belgium for treatment 

A treatment plant was established at Oolen in the Antwerp Campine, bj Union 
Minidre and began operations m July, 1922 Because of the high radium content 
of the ores (100 to 150 mg per ton) suflicicnt radium to supply sU demands was pro- 
duced at such a low coat that it soon dominated the market The price, first fixed 
at $70 000 per gram, was reduced to $50,000 in 1930 

Canada — ^Another rich deposit of pitchblende, discovered m 1930 on the shore 
of Great Bear Lake N Temtories Canada has been developed into an important 
source of radium' by Fldorado Gold Mines Ltd Tho ore is complex ami of two gen 


>Moo*x and Kitstl, A Irelin nary Report on Uranium Radium and Vanadum US BurtiXt 
Mima Bull 70 1913 

iPAReoKs JIooRi Lino and ScaaBrER. Eattaetuin aiwl U«wi\ety of Rad utiuUcan umsndVana 

dium from Carnot te US Bur Mtnaa Butt IW 1916 

'PocBON Radium from the Canadian Arct e Eng ittnina Jour tol 138 PP 30-11 ««pteoiber 
1937 


Pabvibb Radium from the Arctie Bug MtHtugJour \oU 139 pp 31 35 April 1938 
SatTH Mdlmg PitchbUnde-s Iver Ores at EHorodo Plant Eng Min Jour to! 193 pP 
April 1938 

PocBON Radium Recovery Canada, Udkiuo Chem cal laduatry Chem <£ MB Eng Vol « 
pp 362 36S July 1937 

The Staff Eldorado Operation Cob JRm Butt February 1938 Rsd urn Recovery at Port 
Hope Can Chem Met June 1937 p 211 
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cral types, one having a highly siliceous gangue, and the other dolomitic. The latter 
is chiefly remarkable for its high silver content, which runs 300 to 360 oz. per ton. 
Crude ore is concentrated by jigs, tables, and flotation machines at the mine, and the 
concentrates are shipped to a plant at Port Hope, Ontario (4000 miles from the mine), 
where radium, uranium, and silver are extracted. 

The large output of radium from this new source affected the market so that 
radium sold at 520,000 per gram in 1937. In 1939, a marketing agreement with 
Union Miniere stabilized the price at 527,500. The total production of radium from 
all sources probably has exceeded 1 kg. Low-grade pitchblende ores have been found 
in pegmatite veins of Quebec and Ontario, but these have not been exploited.* 

Australia . — Uranium ores are found in South Australia.^ The Radium Hill Co., 
with works at Sydney, has treated autunite from this source. 

Other Sources. — ^Little information is available concerning uranium ores in 
Madagascar, South Africa, and Russia, but there has been minor production from 
these sources, mostly from Madagascar. 

The Nature of Radium. — Radium is the most important of a series of products 
resulting from the atomic disintegration of uranium. Such changes reach an equi- 
librium during geologic periods of time by which a maximum ratio of 1 part of radium 
to nearly 3 million parts of uranium is established. This equilibrium has been 
attained in most uranium minerals. For example, 130 mg. of radium is usually 
found in a ton of pitchblende ore containing 50 per cent UaOs. 

Radium is the heaviest of the alkaline-earth group of elements, and it is so similar 
to barium in its chemical and physical properties that the two elements can be sepa- 
rated from each other only by virtue of the difference in solubility of their salts. 

The amount of radium in an ore is so small that it is not possible to make a direct 
separation of a substantially pure radium compound. The radium must be "col- 
lected” with a barium salt, and 400,000 to 1,000,000 parts of barium to 1 of radium 
is required for that purpose. In all methods used to recover radium from an ore, 
radium and barium are brought into solution as chloride salts and then precipitated 
as sulphates by adding sulphuric acid (or sodium sulphate) to a slightly acid solution 
of radium and barium chlorides. Usually the volume of solution is so large that 
even the slight solubility of radium sulphate is not exceeded. Nevertheless, the 
radium always is precipitated more completely than the barium.’ 

This remarkable phenomenon has evoked much speculation, and for lack of a 
rational explanation it was referred to by Dr. S. C. Lind as pseudoisotopy. It was 
generally believed that adsorption played a major part in this phenomenon. How- 
ever, an extensive quantitative study revealed that the behavior follows the general 
laws of mass action in a range of dilution that was noted for the first time in this case 
onlj" because the radioactive properties made quantitative measurements possible. 
This investigation demonstrated that the coprecipitation of radium with barium 
sulphate was not due to adsorption but was the result of the replacement of barium 
by radium in the crj-stal lattice of the barium sulphate.* 

This same phenomenon occurs when soluble salts of radium and barium, such as 
the chloride or bromide, are crystallized from a solution. In every case the crystal 
fraction will have a higher ratio of radium to barium than has the mother liquor, no 
matter how low the concentration of radium may be. The enrichment factor may 

■ Spenckh and Caenochan, TliO Wilbcrforcc Radium Occurrence, Can. Min. Mrt. Bull., 1930. 

» Baow.v, Occurrence of Uranium Ores and Other Rare Minerals Near Mt. Panitcr, South Australia, 
South Australia Mines Dfpartmrnt, 1911. ^ 

•I,i.vo, Underu-ood and Wiuttmore, The SolubUity of Pure Radium Sulphate, Jour. Am. Chem 
Sue., Yol. 40, pp. 405-472, March, 1918. 

< DoEnxER and Hoskins, Ooorecipitation of Radium and Barium Sulphates, Jour. Am Chem Soc 
Vol. 47, May, 1925. 
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be expressed bj a constant that repreaenta an aqndtbnum between the ratso of radium 
to barium in the solution and the ratio of radium to banuin on the surface of the 
solid phase 

Ra (m solution) ^ ^ Ra (solid phase) 

Ba (in solution) Bn (solid phase) 

This equation is merely a statement of the Jaw of mass action m which K is the 
ratio of the solution pressures of radium and barium on the surface of a mixed crystal 
Since K is greater than unity (K = 1 8 for the sulphate), the radium is more concen- 
trated in the salt than in the solution The important pomt, not generally realized, 
18 that K 18 independent of the solubility of cither salt alone, and the equation applies 
even at ratios of one to a million 

By the application of this Kw, radium is first separated from other ore constituents 
and collected with barium, and then bj a sertos of fractional crystalhiations, it h 
separated from the barium \ net reioicry of over 00 per cent of the radium from 
an ore containing only 5 mg radium per ton is not unusual The recoiery and 
isolation of radium from an ore by any other means would be enormously more 
difficult, if not impossible 

Treatment of Pitchblende — Methods in general use for treating pitchblende ore 
follow the general pattern of the process devised by Dcbiernc and Curie for the 
\u5trian ores Pulv emed ore w as fused w ith sodium sulphate to convert the uramiun 
into sodium, ucanate The fused product was leached with water to remove soluble 
salts and then treated wuh dilute sulphuric acid to extract uranium sulphate An 
excess of sodium carbonate was added to the hot solution to precipitate iron and other 
impurities which were removed by filtration The filtrate conlaining soluble uranyl 
carbonate was acidified and boiled to remove CO> Then sodium uranste was 
precipitated b> caustic soda 

Iladmm and barium sulphates remained in the residue from the acid leach, which 
consisted large]} of silica leadsuJpbatc etc This residue was boded wnthasolution 
of soda ash which converted a large part of the radium and barium sulphates mto 
»,arbonales The insoluble product was thoroughl) washed to remove sodium sul 
phate and then treated with dilute b}drocfaloric acid to extract soluble radium and 
barium chlorides The process of boding with sodium caibonale and leaching was 
repeated several times to obtain a high extraction of the radium Fmal residues from 
this treatment are chiefly silica contumng insufficient radium to justif} further 
extractions A concentrate of radium-barium sulphate was precipitated from the 
combined acid extracts by the addition of small amounts of hanum chloride and 
sodium sulphate The solution, separated from the precipitate by settling, decanta- 
tion, and filtration, was discarded 

The fadmis was again converted to a chfonde sofatioo bj repealed 

treatment with sodium carbonate, wadimg and leaching with hydrochloric acid 
This final solution contamed about one part of radium to one million of banum By 
a long senes of fractional crystallizations most of the radium was separated from the 
banum 

In a later modification of the process, the ore is rovsted with sodium carbonate 
and sodium nitrate This converts the radium to a carbonate, and after thorou^ 
washing to remove soluble salts (parUcolarly sulphates which would precipitate 
radium) the calcine is treated with hydrochloric acid to extract radium chlonde 

Canadian ores contained so much lead, sdver, and sulphides of iron, copper, etc , 
that other modifications of the Cune process have been necessary » MiU concen- 

iPocBON Ra<JiuinReeo\eryatrortnoiw Chen Ena VoU44 IQST 
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trates, crushed to in., are roasted at 1100‘’F. The calcine is mixed with 5 to 10 
per cent of common salt and again roasted in a hand-rabbled furnace at a low tempera- 
ture to avoid loss of silver chloride by volatilization. It is then leached with dilute 
sulphuric acid (with additions of NaNOj, BaCl;, and HCl) to extract uranium, iron, 
copper, etc. Sodium uranate is recovered as previousl}'’ described and is purified to 
meet market requirements. 

Residues from the acid leach are first treated with a hyposulphite solution to 
extract silver, which is recovered by precipitation with sodium sulphide. Lead is 
then extracted with boiling caustic (brine seems preferable). Extraction and recovery 
of radium follows the Curie method except that autoclaves are used for the soda 
treatment. This accomplishes more rapid carbonation than boiling at normal 
pressure. 

Details of the treatment of Belgian ores have not been published. It has been 
stated that they are leached directly with sulphuric acid. Extraction and recover 3 ' 
of radium is carried out substantially as described above. 

Treatment of Camotite. — Carnotite is a .yellow earthy mineral, occurring as a 
crj'stalline powder dispersed in sandstone. It is much softer than the sand grains 
to which it is more or less firmly cemented. The ore is easily crushed to the size 
of the sand grains (about 20 mesh), and the valuable minerals can be concentrated by 
attrition in impact mills followed bj' hj'draulic or air classification. The slime or dust 
concentrate contains 50 to 80 per cent of the radium with a concentration ratio of 
3:1 or 4:1. Subsequent recover j' of radium from such a concentrate is even morr 
difficult than from the original ore, and other methods of concentration are still less 
effective. Therefore concentration is limited, in general, to low-grade ores that can- 
not otherwise justify the cost of transportation. 

The mineral carnotite, which contains vanadium as well as uranium, is commonlj’’ 
associated with roscoelite, a vanadium silicate. These two minerals occur in various 
proportions, and there is no sharp distinction between the carnotite and roscoelite 
ores. Tliese ores were treated lor vanadium (and uranium) before their value as a 
source of radium was recognized. Later vanadium was considered a by-product 
from the relatively more important production of radium. After several 3 'cars of 
neglect, the 3 ’- arc being treated again for vanadium and uranium, with a limited 
production of radium as a b 3 ’-product that scarcely yields a profit at current prices. 

There are two general methods by which radium is obtained from carnotite ores: 
(1) Direct dissolution of the radium from the ore b 3 '’ an acid, with or without a pre- 
liminar 3 ’- treatment to improve the c.xtraction. (2) Concentration in a slime: A 
sulphating treatment, either digestion with hot sulphuric acid or fusion with sodium 
sulphate or bisulphate, is followed b 3 ’’ leaching and washing to remove a solution 
carrying suspended slime from the barren sand. The solution, which contains soluble 
sulphates of uranium, vanadium, iron, and aluminum, is then separated from the 
suspended solids b 3 ' sedimentation and filtration. The siliceous slime contains 
radium and barium sulphates which ma 3 ' be concentrated further by caustic fusion 
and leaching to extract silica. In any case, the radium is converted to a carbonate 
and extracted with h 3 'drochloric acid. 

Nitric Acid Process. — This process was originated b 3 ' the U. S. Bureau of Mines 
and thoroughly demonstrated during the production of over 7 g. of radium in the 
plant of the National Radiiim Institute. Even though this process was not subse- 
quently used, it led to the development of similar processes having many of the 
same features. For this reason and because complete data are available, this process 
is described in detail. 

A 320-lb. charge of pulverized ore is slowly added to 320 lb. of 38 per cent hot 
nitric acid in stoneware pots. It is heated with live steam and stirred 15 min., then 
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run to stoneware vacuum fillers having asbestos filter cloth The residue is given one 
wash with weak acid and two with hot distilled water 

The large amount o{ acid la neecaaaty to react with the acid-soluhle ore con 
stituents such as the compounds of iron, uranium, vanadium, aluminum, and calcium 
and leave a sufficient excess to hold the radium and barium in solutuin Only ores 
contammg relatively small amounts of sulphates, organic matter, and >anadium 
give satisfactory results when treated by this method Sulphates reduce the extrac- 
tion of radium by precipitatmg the slightly soluble radium sulphate Organic matter 
causes excessive frothing, consumes acid, and slows up filtration If the ore is rich 
m vanadium, a slimy precipitate of vonadic acid clogs the filter Slow filtration allows 
the charge to cool which causes precipitation of vanous salts, including radium 
Concentrates are cspeciallj difficult to treat because they contain a high proportion of 
soluble constituents and the alimy charge filters with great difficulty 

On suitable ores however, the mine acid leach extracts over DO per cent of the 
radium, which is considerably belter than is usually obtamed by other direct leaching 
methods The residue from the nod trealment may contain considerable vanadium, 
most of which can be readily extracted by an alkaline leach and recovered 

PTccipitatiOB of Radium — ^The aetd solution (filtrate) is run into a large redwood 
precipitating tank, where it u dduted with water and neutralized with a solution of 
caustic soda If too much alkali is added, iron and vanadium precipitate and con 
tamuiate the radium product obtained later On the other band, insufficient alkah 
leaves the acidity too high, and the solvent action of the acid prevents complete 
precipitation of the radium K solution of barium cblondc is next added (about 2 lb 
BaCli to 1 ton of ore) eufficieat to make the ratio of banum to radium about 1 tnil 
Lon 1 After imxmg the solution, sulphuric acid (about 15 lb to 1 ton of ore) is 
slowly added with contmued stirring After stimcig an hour the whole solution, 
contauiing radium banum sulphate in suspension, is pumped to a settling tank having 
a conical bottom The sulphates are allowed to settle 4 days, and then, after siphon 
ing off most of the clear solution, they are run to a small earthenw are filter and washed 
Separahoa of Radium from Barium — ^The radium banum sulphate thus obtained 
IS of an excellent purity, often sa high as 90 per cent It is converted to an acid- 
soluble sulphide by reduction with charcoal A mixture of the sulphate with one- 
fifth its w eight of charcoal is heated 8 hr in a graphite crucible at about 800*C The 
calcine is leached with pure dilute hydrochloric acid, care bemg necessary to remove 
the dangerous gas, hydrogen sulphide, which is generated Most of the radium and 
barium are obtained in the solution as chlorides and the radium is concentrated by 
cry'stalhzation, as previously described The small residue filtered off from the 
chloride solution is given a second reduction and leach to extract the residual radium 
This procedure replaced the slow and more costly method by which the sidphates 
ise. 'iraavs.iks.'it® imk/i/mAira Vy ix'pwrttA fiigwAion'wA’n a 'siArfimn xA Ku^frasn 

Precipitation of Iron, Calcium, and Aluminum — The solution from which the 
radium was first piecipjlated is nm mto a tank contammg an excess of sodium car 
bonate m a boilmg solution Iron, calcium, and aluminum are precipitated, also some 
of the vanadium. In. order to prevent an excessive loss of vanadium and uraniuta 
m the precipitate, it is necessary to have a considerable excess of sodium carbonate 
m the solution at all times the liquor must be added slowly , and the mixture roust be 
kept boilmg hot and agitated dunng and for several hours after the addition About 
650 Ib of soda ash to 1 ton of ore is required, and it takes about 6 hr to complete the 
operation The uon precipitate is filtered off and discarded Although it contains 
about one-fourth of the vanadium present in the acid solution, re-treatment of this 
residue to recover the vanadium is not profitable 
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Precipitation of Uranium. — The filtrate from the iron precipitate, containing 
uranium and vanadium, is run to another tank where it is partly neutralized with 
nitric acid. After stirring with air, sodium hydroxide is added to the hot liquor 
until uranium is completely precipitated as sodium uranate. The solution is boiled 
for 1 hr. and then filtered through a press. The uranium precipitate is washed in the 
press, then removed and dried. It contains about 8 per cent vanadium oxide and 
must be refined to make a marketable product. About 85 per cent of the manium 
is recovered. 

Precipitation of Vanadium. — The filtrate from the sodium uranate is run to 
another tank, neutralized with nitric acid, and boiled to remove carbon dioxide. A 
solution of ferrous sulphate is then slowly run into the hot liquor, which is agitated 
with compressed air. The vanadium precipitates as ferrous vanadate. It requires 
considerable care and experience to obtain a complete recovery of the vanadium and 
at the same time produce a product of acceptable grade, i.c., over 32 per cent vanadium 
oxide. The precipitate is filtered off in a press, washed, and dried. The vanadium 
recovered, including that obtained from the sodium uranate, averages only 30 per cent 
of that in the ore. 

The filtrate from the ferrous vanadate is almost wholly a solution of sodium nitrate. 
It is evaporated in iron tanks heated by steam. Air is blown into the solution to aid 
evaporation. Wlien sufficiently concentrated, the liquor is run into shallow steel 
pans where sodium nitrate crystals form. These are collected and used to make 
nitric acid for the leaching operation. As the losses of nitrate are small, the acid 
cost is less than that of an equivalent amount of hydrochloric acid. 

Although the nitric acid process recovered the radium effectively, recovery of 
vanadium was poor. The relative values of radium and vanadium made a high 
lecovery of radium the chief consideration, but it soon became apparent that, the 
recovery of vanadium is equally important. This led to the use of other methods and 
also to improvements in the nitric acid process. ‘ 

Preliminary Roast. — Carbonaceous material found in nearly all carnotite ores 
causes frothing and excessive consumption of acid when leached with hot nitric acid, 
and many highly carbonaceous ores are not amenable to direct acid treatment. A 
preliminarj' roast at 700°C. with excess air removes the carbonaceous matter and 
converts the iron to a less soluble condition. After roasting, less iron and more of 
the radium is extracted with less acid and the pulp is much more easily filtered. This 
is very important when treating dust concentrates. 

Alkaline Leach. — Carnotite ores were first treated to extract uranium and 
vanadium by boiling with a solution of sodium carbonate, and no effort was made to 
recover radium.^ 

This step not only extracts vanadium and uranium, but it converts acid-soluble 
sulphates (such as gypsum) to carbonates and water-soluble sulphates, which are 
separated from the residues with the vanadium and uranium. This prevents repre- 
cipitation of radium when the latter is subsequently extracted with acid.® Moreover, 
after calcination and an alkaline leach, dilute nitric acid at 50°C. gives a better o.xtrac- 
tion than can be obtained from the crude ore with boiling hot strong acid. 

Improved Nitric Acid Process. — The crushed ore is first roasted at 700°C. It is 
then fed into a rod or pebble mill with water and one-fomth its weight of soda ash. 

' DoEnNER, Notes on the Extraction and Recovery of Radium, Vanadium and Uranium from 
Gamotite, V,S, Bur. Mints Btpls. Investigations 2S73, 1928. 

= Hajmes-EnElc, U. S. patent 80SS39. 

• One firm used an autoclave for the alkaline treatment (IV. F. Blecker, U. S. patent 1438357). If 
caustic soda La added uath the soda ash, then vanadium is extracted and sodium uranate comains in tlie 
residue to be extracted u-ith the radium by the acid treatment. 
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After thorough disintegration and digestion in the hot solution, the pulp is filtered and 
washed with hot sulphate free water Ihe filtrate is used subsequent!} to neutrahze 
the acid solution, so this alkaline leach does not unolvc an} cstra cost for chemicals 

Recovery of Radium — Ddute nitric acid (I part to 4) at 50®C may be used to 
extract the radium and also any uranium and vanadium not extracted by the previous 
step A digestion period of several hours is required, and the addition of a little 
sodium fiuoride improves the solvent action Filtration and washing arc easy and 
rapid Radium barium sulphate is precipitated and recos ered from the combined 
alkaline and acid solutions by the usual methods 

Recovery of Uranium and Vanadium —After filtering off the radium barium sul 
phates, the filtrate is made slightly alkalme and heated to precipitate vanadium and 
uranium Addition of only a little ferrous sulphate is requiretl to complete the 
precipitation After stirring for an hour or more the precipitate la filtered but not 
washed Sodium nitrate is recovered from the filtrate 

The uranium vanadium precipitate is dried and then fused with two parts by 
weight, of sodium sulphate containing a small proportion of nitrate or caustic The 
vanadium is leached from the crushed slag with hot water and then precipitated as 
high grade vanadic acid by boiling the acidified (IjjA) solution 

Uranium la dissolved from the residue of the sanadium extraction with warm 
dilute sulphuric acid Iron and other impurities are then precipitated with sodium 
carbonate and removed by filtration After neutralizing the filtrate with sulpburie 
acid and boiling off CO], sodium uranate is precipitated with caustic sods, filtered off, 
and washed 

Hydrochlone Acid Leach — Hydrochloric acid is even less effective than mtne 
acid for extractmg radium from ores containmg sulphates, but it is much better for 
extractmg the vanadium This acid is quite satisfactory for the treatment of selected 
ores and has been widely used in processes that follow the general procedure described 
for nitric acid except that the sodium salts are not recovered and treated to regenerate 
the acid It also has been used to treat Cornish pitchblende and Portuguese autunite, 
but It IS not applicable to most pitchblendes 

Sulphunc Acid Leach — Hot concentrated sulphuric acid wnll extract radium from 
an ore or concentrate, and radium sulphate is precipitated from tVic acid solution by 
dilution with water Attempts to use this method have failed on account of the high 
cost for acid and the difficulties encountered in the handling and filtration of hot 
concentrated acid 

SUming Methods — A sulphating treatment foUowed by a mechanical separation 
of the shme from the sand has been used to obtain a low-grade radium concentrate 
The basic constituents of the ore are first comerted to sulphate by one of the follow 
mg treatments 

1 Fusing w ith sodium acid sulphate 

2 Baking with concentrated sulphuric acid 

3 Digesting with dilute sulphunc acid (sometimes IICl is also used) 

4 Aeratmg a suspension of the ore in hot water with a mixture of sulphur dioxide 
and air 

The hot eulphated product of 1 or 2 is dumped mto a tank of water and agitated 
to dissolve the soluble salts In all cases a barren sand residue is separated by 
hydrauhe classification This is usually done by decantation using a siphon to draw 
off the slime from the quickly settling sand The latter is washed clean by several 
decantations with water After the decanted shme has settled for several days m 
large tanks, most of the clear solution is siphoned off and the rest is separated by 
filtration 
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Three products are thus obtained; a barren-sand reject, a slime concentrate con- 
taining at least 90 per cent of the radium, and an acid solution from which vanadium 
and uranium are recovered by the methods previouslj' described. 

Several treatments with a hot solution of sodium carbonate, each followed by 
thorough washing and an acid leach, are required to extract radium from the siliceous 
slime. This treatment is often preceded by a fusion with caustic soda and a leach 
to remove most of the silica as a water-soluble silicate. A high-grade radium-barium 
sulphate is precipitated from the acid extract and treated for the recovery of radium 
by the standard methods previously described. 

Refining Radium. — When half the salt is crystallized from an acidified solution 
of radium and barium chlorides, approximately 80 per cent of the radium will be 
concentrated in the crystallized fraction. Hence the concentrations of radium in the 
crystals and mother liquor will be, respectively, 1.6 and 0.4 times the concentration 
of the original solution. If the process is repeated with both fractions, four products 
are obtained having concentrations of 0.16, 0.64, 0.64, and 2.56 with respect to the 
original solution. Now, combining the two middle fractions (crystals from the first 
mother liquor and liquor from the first crystals), the next fractionation yields six 
products with the following relative concentrations: 0.064, 0.256, 0.256, 1.02, 1.02, 
4.10. 

By thus combining fractions of equal concentration and adding fresh liquor to 
fractions approximating its own concentrations (in this case the 1.02 fractions) this 
process can be extended indefinitely to yield any degree of concentration required. 
The next step will yield end products having the relative concentrations of 0.027 on 
the minus, or liquor, side and 6.56 on the plus, or crystal, side. 

Since the quantity of material treated decreases rapidly in both directions, it is 
convenient to establish several separate series in which each system is supplied from 
the end crystals of the preceding series. Each series will have 8 to 12 steps. 

A solution of radium and barium chlorides having a ratio of 1 to 3 parts of radium 
to a million of barium is finally obtained by all methods of recovering radium. The 
first crystallizing series is carried out in steam-jacketed vessels of 30 to 100 gal. 
capacity, usually eight or nine in number. These vessels must have an acid-proof 
lining because the solutions contain free acid. 

The largest, or zero, pot at the center of the series is filled with fresh solution 
and evaporated until a cool draft of air will cause crystals to form on the surface. 
Cold water is then passed through the steam jacket, and about half the salt will 
crystallize overnight. The mother liquor is siphoned into a smaller — 1 pot, and the 
crystals are transferred to a -fl pot in the opposite direction. 

The crj'stals are dissolved in dilute acid, and a half fraction is recrystallized. At 
the same time, another crop of crystals is obtained in the —1 pot. Mother liquor 
from the —1 pot is siphoned to a —2 pot for another fractionation, and the crystals, 
transferred to the 0 pot, are combined with liquor from the -f 1 pot and fresh solution. 
In this manner the crystals progress in a -1- direction and the mother liquors in the 
opposite direction, four steps each way in a continuous cycle of operations. 

Mother liquor from the —4 pot carries only 25 to 30 parts of radium to one billion 
parts of barium. It contains most of the barium and only 1 or 2 per cent of the radium 
that enters the system. Part of this liquor is used to supply barium salt to the plant 
solutions, and the rest is discarded. 

Crystals from the -}-4 pot will carry most of the radium at a concentration nearlj'' 
seven times that of the original solution. They are treated in a second series of 
fractional crystallization carried out in porcelain dishes heated over gas burners, and 
the procedure is similar to the first series but can be carried out much faster in the 
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smaller containers Mother liquor from the minus end of this senes is returned to the 
first senes 

Ilemo'?al of Lead — The chloride er^Btals on the plus side of the second senes arc 
dissolved in eater nithoul acid, and placed m a large glass precipitating jar 16 or 
18 in high Make ammoniacal and pass inhjdrogen sulphide until the precipitation 
of lead as lead sulphide is complete 1 lus sulphide is filtered and collected and mav 
be analyied for its tadium content It should be stored for recovery of the radium 
by fusion with sodium carbonate Attempts to precipitate the lead as sulphide even 
from slightly acid solution usually result in obtaining a brick rwi precipitate of the 
formula (PbS)» PbClinhich is far more soluble m acid than lead sulphide hence com 
plete precipitation of the lead is possible only in ammoniacal solution If the solution 
IS made alkalme with ammonia before passing in the hydrogen sulphide only a small 
amount of radium is precipitated with the lead, usually not more than 0 2 per cent 

Conversion to Bromide — Into the filtrate from the lead precipitate, powdered 
ammomum carbonate is introduced gradually with vigorous stirring until all the 
barium has been precipitated as carbonate After standing overnight for the Bctllmg 
of the banum carbonate and the thorough precipitation of the radium carbonate the 
supernatant solution is siphoned off as far as possible and the rest u thrown on a 
Buchner funnel where it is filtered and washed acveral times with distilled water 
The filtrate which carries only small traces of radium, is stored and may be returned 
to the plant at some convenient point before the precipitation of the radium The 
amount of radium in the liquor is surprisingly low, usually 0001 toOOOSmg perl 
The banum radium carbonate is removed from the Bticbncr funnel and is diasolved 
in chemically pure hydrobromic acid of 20 to 36 per cent strength in s large glass 
precipitating jar 

Fractional crystallization is now continued m silica vessels lo fairly strong hvdro- 
bromic acid solution in which the separation factor is considerably higher than m the 
chloride system Concentration therefore takes place more rapi^y, but greater 
care in handling the vessels is of course necessary on account of the higher radii m 
concentration Heating may be carried on on Inpods with bare gas flames until the 
richer fractions are reached when the evaporation is carried out on an electncallj 
heated water tiath m winch only distilled water is uscil In cascol an accidental loss 
of radium solution into the bath all the water can be draw n off and returned mto the 
system just before the treatment with hydrogen sulphide 

The evaporation required to obtain a suitable batch of crystals may be generally 
regulated by concentrating the solution until vigorous fanning just begins to cause 
the formation of crystals on the surface of the hot solution Of course the higher the 
acid concentration the more generous the crystal batch will be and it is usually 
convenient to hav e the acid concentration such that about half of the banum m solu 
tion will cryatalUie out Owing to the high factor of enrichment as bromide the 
radium content of the mother liquor from the mmiis two’ bromide v c'sel is extremely 
low In general the amount of radium returned to the plant m this bromide mother 
liquor is only about 0 3 per cent of the total amount going through the system. If 
such a result is actually obtained, it la more converuent and economical to use the 
bromide mother liquor for the recovery of hydrobromic acid than to return the mother 
liquor to the plant to recover its small radium content 

Number of Fractions Employed — The number of fractions employed m the plus 
direction m the bromide system vanes with conditions, 10 to 12 being the usual nuin 
ber The crystalbzation is conducted m such a way that the radium bromide coUected 
in the final fraction should not fall below 1 per cent of banum bromide, and sometimes 
13 as high as 3 or 4 per cent The total weight of the fraction should be 1 to 2 g Th*® 
fraction, after thorough drying in a hot-air oven, is sealed in a glass tube and kept JOf 
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final purification, when a sufficient number of tubes have been accumulated. The 
amount of radium in the tube can be easily determined by means of the gamma-ray 
method, to be described later. After 20 or 30 tubes have accumulated, they are 
opened and the contents dissolved in hydrobromic acid in a small silica dish. 

If there is any considerable difference in the activity of the salt in the different 
tubes, it is wiser to put those together which have approximately the same activity 
for the initial solution, and to put those of higher activity in a -fl, -|-2, or -fS dish, 
depending on the amount of radium present. Crystallization is then continued with 
a general tendency to push up the radium from the lower fractions into the last silica 
dish in which the majority of the radium is finally accumulated. After thorough 
drying in a hot-air oven to free the salt from moisture and from water of crystalliza- 
tion, it is placed in a glass tube and hermetically sealed. In this tube a small platinum 
wire is sealed through one end in order to conduct away the unipolar charge that may 
collect in the interior, attaining voltages that could cause destructive sparking. 
Eeports are on record of serious radium losses having resulted through neglect of this 
precaution. 

RADIUM MEASUREMENTS 

Measuring Instruments. — The methods used for determining the amount of 
radium either in an ore or in a product such as a concentrate containing radium 
depend entirely upon the fact that radium and other radioactive substances ionize 
gases. Such ionization is due to the alpha, beta, and gamma rays which are emitted 
by radioactive substances. The methods are, therefore, entirely physical in character 
and involve any means of recognizing qualitatively or quantitatively the ioniza- 
tion in air or other gases produced by the alpha, beta, and gamma rays. Two instru- 
ments are usually employed for such a purpose, viz., an electrometer or an electroscope. 

The first instrument is adapted for use in chemical and physical laboratories, and 
is especially useful where a large number of readings are desired on a radioactive 
material in a short space of time. For example, where a decay curve is required and 
the points on the curve involve short intervals of time, an electrometer is very useful, 
as the length of time for making a reading on even a not very sensitive product is 
short, owing to the sensitiveness of the instrument that may be used. For ordinary 
practical purposes, however, an electroscope is much more satisfactory, and the use of 
the electroscope only will be described in detail in this article. A suitable instrument 
usually consists of two compartments, one above containing a suspended gold or 
aluminum leaf, in front of which is attached a reading microscope, and one below in 
which the ore, radioactive solid or radioactive gas, to be tested is placed. 

If the material is a solid, there is a suitable door to the lower compartment which 
can be opened or closed for the introduction of the material. If radioactive gas is to 
be tested, the lower compartment is airtight and has two stopcocks, one for exhausting 
the chamber, and the other for the introduction of the gas after partial or complete 
exhaustion. Usually the leaf is electrically charged by a piece of vulcanite rubbed 
on the sleeve of a coat, or by a battery of small drj' cells, or any other suitable means of 
getting a sufficiently high voltage ; the charge causes the leaf to rise. Then the natural 
leak of electricity from the leaf is noted on the scale, using a stop watch to determine 
the time the leaf drops between two different points, and calculated as a certain num- 
ber of divisions per minute. 

Approximate Method for Solids. — If an approximate determination of the activity 
of a solid such ns an ore is desired, the material is placed in the compartment below and 
the leak of the leaf noted as before. If the ore contains uranium-radium, or any other 
radioactive element, the rate at which the leaf falls will always be faster than the 
natural leak of the instrument itself, owing to the ionization of the air in the chamber 
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by the rays given off from the radioactive material There are a number of pre- 
cautions however, to be taken m making auch measurements (1) The lUummation 
during the taking of the readings should be constant, and therefore it is better to have 
the electroscope m a room artificially illuminated rather than to use ordinar> daj light 
which will vary from time to time (2) Readings shoulil always be taken between 
the same pouits on the scale (3) In comparuig two ores, their physical conditions 
should be as nearly as possible the same This may be roughly assured by passing 
them through the same mesh sieve, preferably 40 or 00 mesh Of course, every 
particle of the ore must he ground until it finally passes this sieve The same weight 
should be taken, and the same surface should be exposed m the electroscope 

In order to get these conditions conveniently, it is advisable to use a brass plate 
about H ni thick of a sue to fit mto the bottom compartment of the electroscope, 
and in this should be cut by means of a lathe, a circular depression m deep and 
about 3 in in diameter This can be done by any brass worker The bottom and 
the sides of the depression should be perfectly smooth Iheore to be tested is poured 
into the depression the plate tapped gently so as to settle the ore, and then, by passing 
the edge of a flat piece of metftl across the surface of the plate, the extra ore is w iped 
off and the depression left exactly Ailed with ore, hsaung a flat surface In this 
manner a fairly uniform weight of material is obtained for comparison, and the surface 
exposed m the electroscope is approximately constant Of course, the density of the 
ores tested vanes, but the method gi\ cs approximate results The plate w ith the ore 
IS introduced into the bottom compartment of the electroscope and a reading taken 
The ore is removed and replaced by a sample of carnotite of uiowm uranium content 
which serves as a standard This sample of course, is passed through the same ine*h 
sieve as the sample being tested The relative radioactivities, t e , the rates at which 
the leaf falls are roughly proportional to the amount of rodioactu e elements present 
With an ore, the total activity will be due to the uranium, radium, and other 
disintegration products of the senes With a concentrate, such as radium baniun 
sulphate the activity will he due to radium alone Too much emphasis cannot be 
placed upon the fact that this method can be used only to compare sundar radioactn e 
products and results are only approximate For example, a carnotite ore must be 
checked against an analyzed carnotite ore pitchblende against an analyzed pitch 
blende ore and a concentrate against a Bimilar type concentrate As has already 
been pointed out, the physical condition of the material affects the results \er} 
markedly 

The following example will show how to make a calculation 
Natural leak of instrument =■ 5 divisions in 10 min 
Natural leak of instrument = 05 division per minute 

Rateof fall of leaf with standard ore (3 percent U,Oi) = 48 5 divisions per minute 
Rate of fall of leaf with ore to be tested =» 36 5 divisions per min ute 
Subtracting from each of these figures the natural leak, 0 5 division per minute, 
the results are 48 and 36 The percentage of UjO» in the ore will then be (36 X3)/48 
«22 

If the natural leak is as low as 0 5 division per minute and the radioactivities 
of the samples are as high as those indicated m the above experiment, the natural leak 
can be neglected, as the error from it is less than the probable experimental error 
Exact Detenninafaons by Emanation Method — The exact determmation of 
radium is done by means of the emanation method, which maolves separating radium 
emanation as a gas from its parent radium, and measuring its quantity in a gaslight 
electroscope previously standardized with, a known amount of radium emanation 
Analyzed pitchblende has been employed to furnish known quantities of emanation 
for purpose of standardization Pitchblende is selected because it is a primary 
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uranuim mineral and contains the equilibrium amount of radium to uranium. 
Therefore, by analyzing the mineral carefully for uranium it is possible to 
calculate exactly the amount of radium present; and a satisfactory standard 
is thus readily obtained. Secondary uranium minerals, such as carnotite, 
autunite, torbernite, etc., do not always contain the equilibrium amount of radium 
and, therefore, cannot be used as a standard. 

Three general methods of procedure may be used, as follows: (1) Release and 
measure the emanation from a substance in which it is in equilibrium with the radium 
content. This condition will usually not be fulfilled unless the substance has been 
retained for a month or more in a closed container. In exceptional instances, however, 
the radium might be contained in a solid of very compact structure, or with a glazed 
surface, so that no spontaneous loss of emanation could take place. But even with a 
dense mineral like pitchblende, the leak of emanation, called “emanating power,” 
amounts at ordinary temperature to several per cent. 

This circumstance suggests the second procedure: (2) Liberate and measure 
the emanation retained in the solid and apply as correction the “emanating power,” 
which must be determined separately and preferably after the solid has been in a, 
closed retainer for a month. Both of the above procedures, applicable, in general, 
to solids only, involve in practice long delays; and, although they are adapted to 
scientific investigation, they are not suited to radium measurements for the purpose 
of plant control when quick results are desired. 

The following procedure is shorter and preferable when its use is possible: (3) 
Remove the emanation completely from the sample of the substance to be analyzed 
for radium; close it at once in a gastight vessel and allow the emanation to accumulate 
for a convenient period, such as 1 to 10 days. Then remove it and measure it, making 
a time’ correction to find the maximum amount that would have been formed on the 
attamment of equilibrium. For removal of emanation the radium must be contained 
cither in solution, or in a state of fusion. When radium and barium are in a solution 
together, and there is a tendency for partial precipitation, either as a sulphate or as a 
silicate, the two elements will usually precipitate in the proportion in which they 
exist in the solution. The presence, therefore, of a moderate amount of barium in 
solution has a tendency to hold the radium in solution and to give more exact results 
by the emanation method. 

Treatment for Solution Containing Barium in Large Excess over Radium. — For 
a solution containing barium in large excess over radium, the treatment is as follows: 
Place a suitable portion of the solution — such as will contain about 1 X 10~® g. of 
radium — in a small Jena flask and add to it a suitable quantity of 1 : 1 nitric acid. 
Add a few glass beads and boil 5 to 10 min. to remove all emanation. Allow slight 
cooling, and then close the flask tightly with a one-hole rubber stopper provided with 
a glass tube drawn out above to a capillary tip. Seal the tip while some steam is still 
in the flask, in order to provide a partial vacuum, which should be maintained until 
the flask is again opened, thus affording a proof that no outward leak of gas has taken 
place. Note the exact time and date of sealing. 

The treatment for a solution containing little or no barium is to add a suitable 
portion of 1 : 1 nitric acid which is saturated with barium nitrate, and then proceed 
as in the treatment described above. 

Procedure for Liquids Containing Excess of Sulphate or Carbonate. — The detailed 
procedure for treating a liquid containing an excess of sulphate or carbonate, but no 
barium, is as follows: An excess of barium salt is added to the liquid, and the precipi- 
tate is filtered off. The filtrate containing an excess of barium is made acid with 
nitric acid to the point of precipitation, and is given the treatment outlined above for a 
solution containing barium in large excess over radium. The precipitate, if barium 
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sulphate, is fused with four or fi\e times its weight of fusion mixture of sodium and 
potassium carbonates and la treated aa described later for fusions If the precipitate 
IS barium carbonate, it is dissolved in nitnc acid containing sufficient sulphuric acid 
to precipitate an amount of barium sulphate convenient for fusion, which is filtered 
off The filtrate that is obtained may be combined n ith the original filtrate and given 
the treatment as described for a solution containing banum in brge excess over 
radium All radium is then contamed either m the filtrate, with an excess of banum, 
or m the banum sulphate precipitate The latter is fused with sodium carbonate and 
treated as desenbed m the next section Both of the liquid fractions are closed simul- 
taneously (withm 15 mm ) so that the time of accumulation will be the same for both 
lota of emanation which can be later introduced mto one electroscope to detenmne the 
total radium 

Fusion Method for Radium Determiaabons — If the radium is contamed in a 
substance not readily soluble, such aa a radium barium sulphate fuse a suitable 
quantity in a small platmum or porcelain boat with four to five times the weight 
of sodium or potassium carbonate and note the exact time at which the material 
becomes solid Close this boat in a glass tube as shown m Fig. 1 Allow the ema 
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nation to accumulate 2 or 3 da}8 Connect the glass tube at one end to a highly 
ew.bauated electroscope and at the other to a stopcock Break the glass tips inside 
the rubber connections and exhaust the air from the glass tube into the electroscope 
several times, leaving enough vacuum m the electroscope chamber to accommodate 
the gas to be mtroduced later Break the glass tube, remove the boat and its con- 
tents, wrap in a filter paper, and plaee m the neck of a flask, ss shown in Fig 2, it is 
then ready for treatment w ith 1 1 nitnc acid after tho flask has been connected with 
the gas burette as shown m Fig 3 In this treatment the flask is tipped until the 
acid comes m contact with the carbonate fusion thus beginning a gas evolution The 
stopcock IS immediately opened to the gas burette above, and the boat and conteots 
are then thoroughly wet with acid and jarred down from the neck of the flask to the 
body of the acid 

In larger fusions, the evolution of carbon dioxide may become rapid and care 
should be taken in hondlmg them but in small fusions not exceeding 1 g the host 
may be shaken down directly into Ihe acid, which should be heated to boiling as soon 
as the gas evolution begins to slacken AH the carbon dioxide is, of course, absorbed 
by the strong sodium hydroxide solution which is contained m the gas burette Ihe 
boiling off from this point is performed as with solutions discussed below 

Boikng off Emanation from Solutions —For boilmg off emanation from solu 
tions, the procedure is as follows Set up an apparatus as shoivn m Fig 3, winng 
rubber connections at a and b to ensure tightness Put into the levelmg bulb c 
a stick of sodium hydroxide 2 to 3 m long, or more if a large quantity of carbon 
dioxide 13 to be absorbed, make sure that stopcock d is closed and stopcock « open 
pour boiling distilled water into the leveling bulb and allow the alkali to get into 
solution If the boiling is too violent, put a one-hole stopper hgbtly mto the mouth 
of the leveling bulb After the alkali has gone into solution, rai^e the levelmg bulb 
until the gas burette is filled to the stopcock e If the quantity of air to be boiled 
off is small, some air may at first be left in the gas burette Close stopcock «, and 
lower bulb c to its original position Break the glass tip / inside the rubber tubing 
at a, and slowly open d to ascertain whether there is vacuum m the flask g If sOi 
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close d again and begin to heat flask g over wire gauze. Test the vacuum every few 
seconds, and as soon as the pressure is outward open d, and cause the flask to boil 
vigorously. Continue boiling until live steam has heated to boiling all the liquid 
in the gas burette h. This boiling should never be less than 5 min., and some- 
times 10 to 15 min. of boiling is desirable. After the glass tip / has been broken, it 
is likely to be carried upward by steam and in some instances has lodged in the stop- 
cock d and caused serious explosions. As a precaution, a roll of thin platinum foil 
can be introdueed into the glass tubing, as indicated at i, or the stopcock d may have 
a wide bore, which also obviates the danger mentioned. 



Fig. 2. — Fusion ready 
for acid treatment. 



Fio. 3. — Apparatus for evohdng 
emanation and transferring to elec- 
troscope. 



After the boiling off has been completed, remove the flame, and as soon as the liquid 
begins to draw back through the stopcock d close the stopcock and remove the flask 
entirely. Evacuate the electroscope chamber to a suitable vacuum, either by an 
aspirator, or, more conveniently, by a hand pump, and connect the sulphuric acid 
inicrodrying bulb I to the electroscope and to the gas burette as indicated in Fig. 3. 
Bo sure that stopcock j is closed; open first the cock of the electroscope for a moment 
and reclose it ; then slowly open stopcock e to full width and then gradually open the 
stopcock to the electroscope, allowing the gas to bubble through the microdrying bulb 
at a fairly rapid rate. 

When the liquid in the gas burette has risen exactly to the point h close stopcock 
e and open stopcock j, allowing dry, dust-free air, which should preferably be taken 
from outside the laboratory, to sweep out the connections for a few minutes; then close 
the stopcock to the electroscope, reopen stopcock c, and allow the liquid in the gas 
burette to fall back 3 or 4 in. below the shoulder; close c, and then pour off all excess 
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liquid out of e, close j and again open t to the electroscope, allowing air to bubble 
from the bottom of the gas burette k through its entire length to ensure the remoia] 
of any emanation that may have remaoned dissolved in the liquid Air should be 
allowed to bubble mto the electroscope chamber until normal pressure has been almost 
restored The above procedure for boding off radium emanation is used for carbonate 
fusions introduced into acid, and also m handling an> solids that arc to be dissolved 
directly For example, ground pitchblende and camotitc ore may be wrapped m 
filter paper m the way m which euch a fusion is wTapped in Fig 3 or sealed m small 
glass bulbs which are opened by being erusheil against the bottom of the flask by 
tapping on the glass stem projecting through & second hole m the rubber stopper 
CoQstmction of an Electroscope — Figure 4 shons an electroscope that is verj 
suitable for radium dctcrmmations by the emanation method Figure 5 represents 



a section of this electroscope, showmg the gastight chamber at the bottom with 
openings at o for connections with stopcock The electrode r is a brass cylinder 
m in diameter It is suspended by a small brass rod }i in in diameter, which 
screw s into the top of the electrode, passing upw ard through the insulating material <f 
and terminating in a small conical top e, serving to make metallic contact with the 
leaf system above The leaf system /is supported from the top of thecyhnder, 

Jt is heldmplace by the sealing-wax msulation set in amilled head cap? which screws 
into a vertical collar on che cy hnder in in height The cap is hollowed out inside 
to contain the insulatingwax, from whichaflatbra«is rod/, broad aboutHsi" 
thick, and 2)^ in long, projects downward, terminating below in a light brass spring 
t, to make contact with the conical top of the electrode of the ionization chamber 
The leaf is of aluminum, about 2 m m length, and is attached to a small off'ct at the 
top of the brass rod by a moisture contact The electroscope can either be charged by 
a piece of hard rubber or, better, by a battery of flashlight storage cells giving 500 or 
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600 volts. The reading microscope in front of the instrument carries a micrometer 
scale serving to measure the rate of discharge of the leaf. The eyepiece fits firmly 
into the case so that its rotation is difficult after the micrometer scale has been set 
parallel to the leaf. 

Order of Procedure in Using Electroscope. — (1) Set up the electroscope and 
charge for 15 min. from a battery with just sufficient voltage to hold the leaf on 
the part of the scale to be used later. (2) Observe the natural leak during 15 or 
more minutes. (3) Carry out the calibration control by means of penetrating rays 
if radium is available for this purpose. (4) Detach the top and evacuate the lower 
chamber to the desired vacuum. (5) Pass the emanation-air mixture through a 
sulphuric acid drying tube into the evacuated chamber and restore normal pressure. 
(6) Allow the emanation to stand in the discharge chamber for 3 hr. (7) Charge 
for 15 min. as before. (8) Take three readings if agreements are good, or ten if 
deviations are greater than 1 per cent. (9) Clean out the emanation chamber by 
drawing dry dust-free air through it for some time (overnight if convenient). (10) 
Calculate the discharge and subtract the natural leak, expressing both in divisions 
per second. (11) Compare the corrected discharge with the calibration of the 
instrument to determine the quantity of radium under measurement, taking time 
corrections into consideration. 

Calibration of Electroscope. — The calibration of the electroscope is carried 
out in exactly the same way as in ordinary measurements, except that a known quan- 
tity of emanation is introduced. This known quantity may be obtained in two ways, 
as follows: (1) From a standard solution of some radium salt by passing air through 
it until its emanation is all transferred into the electroscope. This method is not 
satisfactory, ns it is difficult to know always the amount of radium in solution, owing 
to the tendency of a portion of the radium to precipitate out of solution as sulphate 
or silicate. (2) The preferable practice is to use high-grade analyzed pitchblende, a 
suitable quantity being dissolved for each standardization, and the quantity of radium 
being calculated from the uranium analysis. The quantity of radium emanation 
obtained on dissolving the pitchblende will not correspond exactly to the radium 
content because a small fraction of 2 to 10 per cent of the gas diffuses from the ore; 
this fraction, termed the “emanating power” of the ore in the cold, must be deter- 
mined by sealing a quantity of the ore in a tube for a month or more, and drawing 
off the emanation into an electroscope by the passage of air. The “emanating power” 
thus determined in the standard sample is used as a subtraction correction. Con- 
venient quantities of radium emanation are those which will produce a discharge 
of the order of one to two scale divisions per second. The use of pitchblende as a 
standard is based on the fact that in any unaltered uranium mineral the ratio of the 
radium present to the uranium is constant. One gram of uranium is in radioactive 
equilibrium with 3.3 X 10”'^ g. of radium. 

Sample Determination of Radium Content of an Ore. — A sample of pitchblende 
loses 10 per cent of its emanation at room temperatures. It contains 50 per cent 
metallic uranium. Therefore 22 mg. of the ore will, on dissolving in acid, liberate 
emanation in equilibrium with 10 mg. (0.01 g.) of metallic uranium. This emanation, 
3 hr. after introduction into the electroscope, causes the leaf to fall at the rate of 40.5 
divisions per minute. The natural leak (0.5 division per minute) subtracted from 
this leaves 40 divisions per minute due to the emanation. Therefore the fall of one 
division per minute represents the total emanation associated with 0.01/40 = 2.5 
X 10“-* g. of imanium in the mineral. This is the “constant” for the electroscope. 
One gram of ore is fused with fusion mixture as alrcads' described. At the end of a 
month the emanation obtained from the two solutions is introduced into the electro- 
scope. After 3 hr. the rate of fall of the leaf is 18.5 dimsions per minute. Sub- 
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trading the natural leak (0 5) Ica\c8 18 dnisions per minute Therefore 1 g of the 
ore contains 18 X 2 5 X lO"*' =« 45 X 10 "* g of uranium * yVs 1 g of uranium is m 
radioactive equilibrium with 3 3 X lO"* g of radium, 1 g of the mineral will contain 
(45 X 10 ‘) X (3 3 X lO'O »» 1 48 X lO** g of radium 

OTHER RADIOACTIVE ELEMENTS 

Mesothonum — Of the other radioactue elements that have commercial use 
mesothonum is the most important It is a disintegration product of thorium and 
13 therefore, associated with this metal in all thonum minerals Its half life penod 
IS very short, compared with that of radium, being onij jears Therefore, com 
mercially it has not the same value as radium, cspcciallj for cancer treatment, or for 
purposes where it w ould naturally be carefully preserved and a long hfe would be of 
advantage ^Tion its commercial use is likely to last over a limited period, such ss m 
luminous paint for cheap watch dials and cicctnc pualj buttons it is just as useful as 
radium and can be substituted for the latter element m luminous paint ftr such 
purposes Since mesothonum 1 gives off beta ra\s only, and the alpha rays are the 
mam source of luminosity in paints used for watch dials, etc , it is necesaary for the 
mesothonum 1 after preparation to be allowed to “ripen” for a year or even two years 
so that the alpha rays, due to the gradual accumulation of radiofbonum, can be used 
The general effect, therefore is for the luminosity of such pamls gradually to increase 
for two or three years and then, after coming to a maximum, gradually to decrease 
Mesothonum 1 chemically is aUied to barium and radium and, therefore, can be 
precipitated with barium just as radium js The usual procedure m manufacture 
18 to add 2 or 3 lb of barium chlonde per ton of monaeitc treated \\'hcn the monants 
18 heated with sulphuric acid m order to extract the thorium and other rare earths, the 
barium sulphate and mesothonum sulphate are left behind in the re«idue and can bo 
recovered from the coarse sibca etc byslimuig Thecrudeconccntratesaoobtained 
can be still further punded by fusion w ith a mixture of caustic soda and sodium carbon 
ate by which means the siUcw is convetted into sodium silicate end can be washed 
away from the banum mesothonum carbonates, or the sibca can be eliminated by the 
use of hydrofluoric acid 1 he refined sulphate so obtained is punfied by the same 
methods described under the refining and purification of radium 

Achmum — Actinium was discovered by Debierne in the iron group separated 
from pitchblende shortly after the discovery of radium and polonium Actinium 
itself is probably ray less, but its first product radioactiiuum, has a half hie penod of 
18 8 days Aetimum preparations when first made increase enormously in actirity 
ov er a period of several months It is, therefore, comparatively easy to overlook its 
presence, unless the preparations are kept and their actmty tested penodicany 
Actmium is easily obtained with iron and rare earths by precipitatmg baniua as 
sukpbwtwiii'a'n acid BoVotion and this accounts for its presence in pitchWendei^'d'!** 
In w'orking these up, the acid solutions, after remov al of polonium by means of 
hydrogen sulphide, are oxidized and precipitated with ammonia, the actinium being 
precipitated and the radium and banum, of course, remammg in solution The 
precipitate may be extracted with dilute hy drofluoric acid, the m«olublc part consist- 
ing of La, Di, Ce, and Th retainmg most of the actmium The rare-earth clement 
most closely associated with, actinium vs lanthanum In the presence of ammonium 

> This la true only when theuianium snd tiw radium are in equiLbnum. In other cases it 
the theoretical amount of uranium in equilibnum with the radium actually present. In P tchblen e 
since It IS ft pnmary mineral the ratio of uranmiiitoradiomisconfitaut 1 g uranium « 3 3 X ttl S ® 
radium or 2000 lb U.Oi =• 331 mg RaCl. and if the percentage of uranium u tnown by awliva, 
the amount ol radium present can be catcuIaUd directly In eamoute and other recent uranium 
minerals the equilibnum ratio is not constant and the radium present has to be found by eipenmeni- 
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salts the precipitation of actinium is far from complete, but it is completely precipi- 
tated in the presence of manganese from basic solutions. 

Polonium. (Radium F.) — Polonium is one of the short-lived radioelements 
having a half-life of 140 days and giving off alpha rays only. Its discovery was 
due to the fact that it is closely allied to bismuth and precipitates with bismuth in 
the second group. For this reason it is easily separated from radioactive minerals 
in crude form by digesting radium containing residues of pitchblende or carnotite 
ore itself with hydrochloric acid. A part of the polonium is dissolved and may be 
precipitated with hydrogen sulphide. The polonium may be purified (1) by fractional 
precipitation from solutions made very acid with hydrochloric acid, the polonium 
being enriched in the precipitate; (2) by fractional precipitation of the basic nitrate 
with water, the precipitate being enriched; (3) by sublimation in vacuo, the polonium 
being more volatile. By immersing a plate of bismuth, silver, eopper, etc., in a 
hydrochloric acid solution, the polonium is practically completely precipitated. The 
theoretical quantity of polonium in minerals is 1 g. for 14 tons of uranium element, 
assuming that no radium emanation escapes from the mineral. As such a condition 
never exists in nature, the actual amount is less than the theoretical. 

Radiolead. (Radium D.) — There are three kinds of lead: (1) one representing 
the final disintegration product of the uranium series; (2) the final disintegration 
product of the thorium series; and (3) ordinary lead, which so far as is known, does 
not owe its origin to radioactive changes. The first has an atomic weight of 206, the 
second 208, and ordinary lead 207. Since radiolead, or radium D, resembles lead 
perfectly in all its chemical reactions, in the treatment of uranium minerals it cannot 
be separated from the lead which is found in such minerals. It is, therefore, obtained 
in association with this lead when the latter is precipitated during the refining of the 
radium-barium sulphate. Common commercial lead contains traces of radium D 
and is more distinctly radioactive than most other metals. For this reason, in making 
instruments, a very old lead should, if possible, be employed, as in this the radioactive 
constituents will largely have decayed. Another source of radium D is old radium, in 
which the radiolead has to a certain extent accumulated. If, however, a sample of 
this clement is required in concentrated form, the best method is to remove the 
emanation periodically from a radium solution kept in an airtight vessel and introduce 
the emanation into a closed vessel. As the emanation decays, the radiolead will be 
formed and will be deposited on the sides of the vessel. This can then be dissolved 
by acid and precipitated by ammonia or other lead precipitants, provided a small 
amount of lead salt is introduced in order to give a precipitate sufficiently large to be 
handled. 
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TIN 

Bt R L ItALLETT* 

Physical Properties * — Tin is & relatively soft silver white metal with a brilliant 
luster Its atomic weight is 118 7 It is not very ductile — it is too soft to permit 
drawing It is very malleable anti may be rolled into thin sheets the property which 
IS utilized m the manufacture of tmfoil The tensile strength of tin is low, being 
somewhat higher than that of lead but lower than most of the other metals Most 
impurities tend to mcreaso the tensile etrength of tm, but they also decrease its malle- 
ability and ductility 

The specific gravity of tin vanes with tho method ot preparation the specific 
gravity of cast tin is about 7 20, of rolled or extruded tm about 7 31 The melting 
point of tin IS 232*C , and the boiling point has been reported to be about 2260*C 
Most of the impurities usually found in tin tend to make it harder and more 
brittle Many of them tend to raise its melting pomt, but some of tbem (such as 
lead) form eutectic mixtures with tin and lower its melting pomt 

tVhen tm is exposed to tow temperatures, the physical character of the metal 
seems to undergo a complete change, probably a molecular change, during which the 
solid metalbc form is changed to a gray powder made up of small grams This form 
IS known as the gray modification’ and seems to be an alJotropic modification of tm 
The change may take place at temperatures below 18*C The specific gravity of the 
gray modification has been report^ to be about 5 8 

Tin in Its ordinary form is somewhat crystalline in structure, the cast form being 
more cry stallme than the rolled form BTien a bar of tin is bent it gives a chaiactK 
istic “cry,” a slight cracking noise, probably caused by the friction of the crystals on 
each other 

Chemical Properties — At ordinary temperatures, metallic tin is not readily 
acted on by many chemical substances The action of the elements of the atmosphere 
is slight, accountmg for the wide use of tm as a protective coatmg for iron and steel m 
the weH-known form of tin plate 

Cold dilute hydrochloric acid dissolves tm slowly, and the action is more rapid 
when hot concentrated acid is used Stannous chloride is produced and hydrogen is 
given off m the reaction 

Dilute sulphuric acid slowly dissolves tm with the evolution of hydrogen, and hot 
concentrated sulphunc acid dissolves tm rapidly with the evolution of sulphurous 
anhydride and the separation of sulphur 

\ery dilute nitric acid dissolves tm without the evolution of gas formmg stannous 
mtrate and ammonium nitrate, and strong nitric acid rapidly converts it into meta 
stannic acid, which is insoluble m moat other acids Aqua regia (nitrohy drochloric 
acid) dissolves tin readily, forming stannic chloride 

Tin usually acts as a base but sometimes as an acid Tm oxide, SnOs Js no 
appreciably attacked by most acids, but at high temperatures tin cxide reacts readily 

1 Chief Chemut NationU Lead Co New York 

• Beferencee are to eimilarty numbered references in the BibUogrsphy st the close of the ch»pt«f 
656 



TIN 


657 


with silica to form the silicates. When tin oxide is heated with some strongly basic 
substances, such as fixed alkalies, stannates of the bases are formed. 

Alloys. — Tin readily forms alloys with most of the other metals. Some of the 
alloys are of great commercial and industrial value, but the use of tin in alloys is 
second in importance to its use in tin plate. 

Perhaps the most important alloys of tin are those with antimony and copper in 
bearing metals, with lead in solder, with lead and antimony in type metal, with lead 
in terneplate, with copper and sometimes zinc in bronze and many other alloys used 
for minor purposes. 

The only tin alloys that greatly affect the metallurgy of tin are the alloys of iron. 
Tin alloys readily with iron, which fact is said to account largely for the success in 
plating iron with tin. 

The tin-iron alloys formed in some tin metallurgical operations are known as 
“hard-head.” They have very high melting points and introduce certain difficulties 
in the metallurgy of tin. The best known hard-head alloy is FeSnj. The alloy 
containing 60 per cent tin and 50 per cent iron has the lowest melting point, which is 
given as 1140°C.[2]. 

Tin Ores. — By far the most important ore of tin is the mineral cassiterite, which 
is tin dioxide, SnOa. It contains 78.6 per cent tin and 21.4 per cent oxygen. It 
crystallizes in the tetragonal system and has a hardness of 6 to 7. The specific gravity 
is 6.8 to 7.1. The color is brown or black, sometimes red, gray, white, or yellow. 

The occurrence of tin as the mineral stannite, a triple sulphide of tin, copper, and 
iron, has been reported and is of interest, but no deposits of commercial value have 
been found. A number of other tin minerals have been identified in various places, 
but are of scientific interest onl 5 ^ 

Tin oxide (cassiterite) is the commercial ore from which the tin of commerce is 
produced. It occurs in many parts of the world in original deposits in the form of 
veins or lodes, and also in transported alluvial or placer deposits. The occurrence in 
these two forms gives rise to the two names for the ore: “vein tin” and “stream tin,” 
designating the vein and the placer deposits. 

Tin ores also are referred to as “tin stone,” “washed tin,” “tin sand,” “black 
tin,” and “barilla,” the different terms being used in different localities where the 
nomenclature probably has been developed locally. 

Minerals containing other metals often are found associated with cassiterite in the 
original vein deposits, but in the placer deposits the tin ores usually are fairly pure 
because, while cassiterite is practically unaffected by the action of the elements of 
nature that decompose the original vein formations and transport the decomposed 
material to the placer deposits, many of the other minerals are altered to such an 
extent that the metals contained in them are readily washed away and are not found 
associated Avith the cassiterite in the placer beds. 

The metals often found associated with cassiterite in vein deposits are Pb, Bi, W, 
Sb, Zn, Cu, Ag, As, and Fe. While the tin almost invariably occurs as the oxide, the 
other metals when present are nearly always in the form of sulphides, except arsenic 
and tungsten, which usually occur in the form of arsenides and tungstates. 

Occurrence. — Tin has been found in many parts of the world, but in some large 
areas (such as practically the AA'hole of North America) no tin deposits of any great 
commercial value have been discovered up to the present time. 

The large and valuable tin deposits of the Avorld are found in the Malay States 
(comprising the Malay Peninsula), Netherlands East Indies, Bolivia, Thailand, 
Belgian Congo, China, Nigeria, and Burma with minor deposits in Australia, Argen- 
tina, Cornwall, Indo-China, Japan, Portugal, and elsewhere. The tin ore produced 
m the Malay States, Netherlands East Indies, Thailand, Belgian Congo, Nigeria, and 



G58 NONFEWSOVS METALLURGY 

Burma is very largely from placer dqx»sit3 llie important ore deposits in Bolivia 
China, and Cornwall arc mostly \«n formations 

Up to and including the eighteenth centurj, cnilization secured its tin supply 
mainly from Comw all in I ngland and from Saxony and Bohemia In Lurope Earlj m 
the nineteenth centurj the Liiroiican deposits became practically exhausted, but the 
Cornwall deposits increased in production and importance, and together with the 
placer deposits of the Netherlands East Indies, formed the mainsupplj untdproduc 
tion from the Malay States began to come in toward the end of the nmetcenth century 
and the early part of the twentieth century At the present time, the Cornwall 
deposits have become grcallj depleted During the first twenty years of the twentieth 
centurj, the Malaj States became the largest producer of tin and have occupied 
that position continuous! j until the present tunc The production of tin from Eohvia 
began to be a material factor toward the end of the nineteenth centurj, and at the 
present time the production from both the Netherlands East Indies and Bolivia is 
second only to that of the Malay States 

Ihe production from the different localities during the j cars 1D3C to 19-10 as given 
in Minerals "i earhook” is given in Tabic 1 


Table I — World’s Proddctiov or Tiv 
(Tin content of ore in long tons) 


Country 

, 1930 

1037 

1D3S 

1939 

1940 

Belgian Congo 

0 301 

8.084 

8,820 1 

9,003 1 

7,600 

Bolivia 

24 052 

23,128 

25,484 

27,211 

37,923 

Malay States 

Federated 

04 030 

75,11T 

41,206 

43,525) 


Unfederated 

1 979 

2 075 

2,0U 

i,g94[ 

&>,3S4 

Straits Settlements 

5S 

72 

114 

206/ 


Netherlands 1 ust Indies 

30 728 

39 133 

27,299 

27,755 

44 447 

Nigeria i 

9 048 

10 782 

8,977 

0,427 

12,012 

Tliailand 

12 033 

15,780 

14,704 

I7,32n 

17 447 

Burma 

4 540 

4,630 

4,412 ■ 

4,500 

5 500 

Australia I 

3 027 

3.2oC 

3,329 

3,300 


China 

n 082 

12,871 

H,G05 1 

10,422 

6,349 

Other countries 

10 266 1 

11, ICO 

11,909 

11,172 

15 038 

Total 

179 000 

208,100 : 

159,900 

172,700 

231,700 


During the years preceding the First World War much of the tm ore from the 
Malay States, was. anialJ/iii in, and much 

of the tin ore mined m the Netherlands East Indies (the Islands of Banka and Singkep) 
was smelted in Holland Practically no tin ore of the Far East has been smelted 
in the Umted States because of the foreign government restrictions which have 
prevented the development of an American tm-smeltmg industry with the ores from 
that source 

Before the First World W ai a luge projwition of the Bolwiam tin ore was smelted 
in England and the remainder in Germany As the war progressed, Germany was 
elimmated because of her inabihtj to secure Bolivian ore, and for sev eral jears during 
the war the tin ore from Bolivia was smelted almost entirely m England and m the 
Umted States each country receiving about half the Bolivian output 

The tm-smelting industry in the United Stales was not started until 1916 but 
rapidly developed thereafter until in 1923 it had reached an annual tin smeltuis 
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capacity of about 20,000 tons of fine tin. During 1923 the tin-smelting companies 
in the United States were forced to abandon their operations, owing to their inability 
to meet the cheaper costs of smelting tin ore in Europe, chiefly in England and 
Germany. 

From 1923 to the time of the Second World War a large part of the Bolman ore 
production was smelted in England, although some was smelted in Germany and 
Belgium. After the start of the Second World War the Longhorn tin smelter was 
constructed in Texas by the American government. When it was completed about 
half the Bolivian ore was smelted in England and half at the Texas smelter. 

Prior to 1916 the only tin produced by smelters in the United States was the 
secondary metal obtained from the smelting of dross, scrap, and refuse. Smelting 
of dross and the recoverj' of secondary metal still is and will continue to be an impor- 
tant industry in the United States, and the amount of tin so produced is probably 
about 30 per cent of the primary tin used in the United States. 



Fig. 1. — Open-cut tin mines, Straits Settlements.’ 


Consumption. — The world’s recent peacetime annual production of primarj- 
tin has been about 180,000 long tons, of which about 40 per cent has been consumed 
in the United States. Of the tin consumed in the United States about 50 per cent 
is used for tin and tcrneplate, about 25 per cent for bearing metals and solder, and the 
remainder in various industries where tin in different forms is required. The United 
States, therefore, occupies the unique position of being the country which is the largest 
consumer of tin, but which, aside from the insignificant quantity coming from Alaska, 
produces practically no tin from natural deposits and must depend entirely on supplies 
from foreign countries. 

Grades of Tin. — With tin, perhaps more than with any other metal, the location 
and the character of the ore deposits from which the tin is obtained determine to a 
large extent the quality and the use of the tin that is produced. In metallurgical 
recovery operations most metals arc so completely refined that they are recovered 
eventually in pure form generally suitable for the purposes for which such metals are 
used. The methods of refining arc usually such that the ores from all sources are 
amenable to the methods and pure metals are produced, no matter what impurities 
mnv be associated with the metals in the original ore deposits. 

’ I igurci 3 to 5 inclusive ore used by courtcs\ of Malav States Information Agency. 
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With tm the conditions are quite different The selection of tm for various uses 
depends great!) on the imputiUea that the tefineel tin contains and because of the 
difficulty of removing the metallic impuritiea in the tin refining process the success 
in refining depends to a considerable extent on the puntj of the original tin deposits 
and the kind and amount of other metals associated with the tin in the original ore 
For this reason, tin from the ores obtained from certain localities has established 
a reputation for quality not because the metallurgical methods of recover) and refining 
of the tin are superior, but because the tm ores produced m those localities contain 
such small amounts of associated metal impurities that fairly simple metallurgical 
methods produce refined tin of great punty 

Tin from other sources where the ores arc contammated b) large amounts of 
other metals is refined nith great difficult) and e\en after refinmg to the greatest 
possible degree permitted by conipctitue cost is usually not so pure as the tin from 
the localities where the ore does not contain the impurities m the original ore deposits 



Tio 2 — Open cut mine Straits Settlements 


This condition has developed the present tm situation, where reputation of brand 
resulting partly from metallurgioil treatment but Krgel) from purity of the original 
ore deposits, is the first consideration in purchasing the metal 

The metallurgical methods used in different smelting plants hat e been specially 
developed to treat the different kinds of ore obtained from different localities and for 
that reason great differences in metaUuigical processes and methods of treatment 
have resulted These methods have been earned on for such a long tune that they 
have become more or less standardized in the various smelters, and the differoii* 
brands of tm are fairly uniform in regard to the kind and amount of impunties they 
contain Tin made from ore from different parts of the world vanes somewhst m 
purity, and the uses of tm also vary as some uses seem to require tin of great punty, 
while others are satisfactorily met with tm that is somewhat less pure 

The kind as well as the amount of impurities contamed in tin is an importan 
consideration ^hile there arc undoubtedly characteristic differences in the 
position of tm produced from the different ores taken altogether, the differences are 
not great wlien refimng has been properly done For many years tin has been 
marketed under the brand or trade name of the producers This has led to 
tmet classification according to brand and each brand has assumed its own rwativs 
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' FiKures for brands other than Lonj^norn taken from publications of the International Tin Research and Dev'clopment Council. Figures for Longhorn 3'Star 
taken from * Metal Statistics.” Figures for Longhorn 2-Star and l-Star taken from United States Government information releases. 
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importance in accordance with il-j reputation for uniformity and thel^ind and amount 
of impurities it contains 

The princ pal brands of piR tm produce I b> the tin smelters of the world together 
with (he CO mtries m uhich the smelters arc locateil and tjpteal average nnal3'«esof 
each brand arc g i en m Table 2 

Pnees — Lnder norma! condittons where the prices are controlled bj supply aad 
demand the principal markets are in London and New ^ork and pneos are estab- 
lished at those points Prices m London and New \ork are usually fairly near 
together the London price being just enough under the New \ork price to represent 



Fio 3 — n>draulie nuning Straits Bettlcmenta 


approximatelj the cost of freight from London to New \ork The aierage jeart 
prices of Straits tin for prompt delivery in New "V ork as published in iUnerali 1 w 
book are given in the following table 

PiQ Ti\ Prices ix New \ork 



Average Cents 

"Year 

per Pound 

1936 

46 42 

1937 

54 24 

193S 

42 2C 

1939 

50 18 

1940 

49 82 


Mining — The mining methods used to remoie the tm ore from the natural 
deposits depend to a large extent on the character of the deposits whether lein or 
placer and to a less extent on the location kmd of labor available climate and other 
local conditions 

The vein deposits are w orked by nunmg methods v ery similar to tho®e used for 
the hard rock mining of the orea of other metals 

The placer deposits are mined with open cuts and by hvdrauhc sluicng and 
dredging Some of the open cut muung m the Far East is done m a crude and ele- 
mentary manner but mucli of the hvdraufic sluicing and dredging is carried on 
according to the best modern min ng methods 
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The sand and gravel from the open-out mines usually are treated in sluice boxes and 
sometimes even in hand pans to concentrate the cassiterite and wash out the worthless 
material. Typical open-cut mines in the Malay States are shown in Figs. 1 and 2. 

■RTiere hydraulic sluicing methods are used, the placer ground often is broken up 
with modern “giants” or “monitors,” and the sand and the gravel are washed through 
sluice boxes to concentrate the tin mineral. Hydraulic mining in the Malay States 
is shown in Figs. 3 and 4. 

Dredging is done with floating boat dredges following practice similar to the dredg- 
ing of placer ground in other parts of the world. 

The tin ore from vein-mining operations is milled at the mines. It is first crushed 
to break the cassiterite away from the associated minerals, and it sometimes is neces- 
sary to crush some of the gravel from placer ground to accomplish the same end. 

The mined and crushed ore is then treated in sluice boxes, hand pans, or, in the 
more modern operations, with standard wet-concentrating machinery. As the specific 



Fig. 4. — Hydraulic mining. Straits Settlements. 


gravity of most of the gangue minerals is lower than the specific gravity of cassiterite, 
the mechanical concentrating treatment removes most of the gangue and earth and 
leaves the tin in the form of cassiterite concentrates, usually containing more than 
GO per cent of tin. Hand picking sometimes precedes the wet-concentration treat- 
ment. In the purchase of tin concentrates by the English tin smelters, the treatment 
charge is usually based on concentrates containing 60 per cent tin wdth an increased 
treatment charge if the concentrates contain less than 60 per cent tin, and a decreased 
charge if they contain more than GO per cent tin. 

If the ore is obtained from placer ground, the tin concentrates resulting from the 
mechanical treatment are usually fairly pure, but if the ore is obtained from vein 
deposits, the concentrates may be contaminated with small amounts of the sulphides 
of other metals. 

Preparing the Ore for Smelting. — hlodern smelting reduction methods as applied 
to the metallurgy of tin are fairly efficient and economical, but because of the metal- 
orgical and chemical characteristics of tin, the refining methods in general use are not 
entirely satisfactory and fail to remove completely the metallic impurities which are 
reduced with the tin in the smelting process. For this reason it is often necessary to 
treat specially the tin concentrates from some localities so as to remove the metal 
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impurities they contain and niahe them suitable /or smelting Tin concentrate? 
from otlier localities, where the original ore deposits do not contain the metal impuri 
ties require much Jess treatment to preiwre them for smelting and some tin ores are 
smelted siicecssfulh after simple mechanical concentration to remove the gangue 

Generallj speaking, the tin concentrates from vein deposits, particularly those of 
Boluia require the moat extensive preparation before smelting and the tin concen 
trates from placer deposits require the least preparation 

A number of methods arc used to remove the metal impurities from the tin con 
centrates before smelting and these methods might be classified somewhat broadly 
ns follows (1) roasting, followed by further mechanical separation of minerals that 
are broken away from the cassitcnte bj roasting or arc altered m such a way as to 
change their specific gravity and make them more amenable to mechanical concen 
trating methods (2) roasting followed by Icachmg with water or with acid solution 
dilute solutions of sulphuric acid and h>«lrochlonc acid arc sometimes used in this 
process (3) heating with sodium carbonate or salt cake (sodium sulphate) followed 
b\ leachmg with water, (4) chloridiwng roast with sodium chloride (salt) followed by 
leaching with water or Indrochlonc acid, (5) the remo%al of metal impunties, present 
in the form of sulphides bj oil flotation 

Roastmg Followed by Mechanical Concentrabon — Caoitcntc is not decomposed 
or appreciably altered when calcmcd at a red heat, but many of the associated mm 
erals containing other metals are so altered as to make further mcchamcal separation 
possible During the roasting process much of the sulphur and nrsemc and some of 
the antimony arc volatilised and removed After roosting is completed, the resultmg 
material contains tin oxide, substantially m its onginal form oxidca of iron, zmr, 
bismuth and copper, sulphate of lead fsome arsenate of iron, and small quantities 
of more or Uss unalteriKl sutphides of the metals together with some unaltered tung 
sten compounds and minor amounts of other mineral prodm ts Ihc \olalilc piwl 
lids pirtidilarij arscntoiis oxide ‘ometimesare coHected and recovered in baghousM 
nr other dust collecting equipment 

Some of the asfiomted ininorals are broken awav from the cossiterite and freed 
from it by the roasting treatment hen the calcined msternl is further treated bj 
mechanical concentration mc.bods, some of tlie altcrcil or separated mmerals are 
removed producing purer and cleaner rossitcrite concentrates 

The roasting of fin concentrates is done in roasting furniiccs of maor types, mote 
or less following roasting practice used in the metallurgy of the ores of other metals 
The roasting may be done jji femd rabbled reverberatory furnaces or m mcchamcal 
furnaces, of which many tvpes arc m use Perhaps the most popular furnaces for the 
roasting of tm ore are those of the rotating-cylmder type, such as the Oxiand and 
Hocking and the hite-How ell furnaces. The^c furnaces are made with a heavy 
steel or cast uon cylindrical shell 30 to 40 ft long and 4 to 6 ft mdiameter Imedwith 
firebrick They are placed m a neatly honxontal position and are equipped with 
bearmg rings that run on friction rollers The furnaces arc driven by gears attached 
to the shell and rotate at fairly low speed 

The charge end is slightly higher than the discharge end, which arrangement causes 
the material in the furnace to pass slowly through as the furnace rotates Coal or o 
IS used for fuel, and the heat is usually adnuttevl at the discharge end 

Roasting furnaces of the fixed hearth revolving rabble type also are used Dir 
naces of this type are the Wedge Herredioff, MacDougall Ridge, Pearce Turret 
Merton, and others of similar construction Most of these furnaces have fixed eirn> 
lar hearths with revolvmg rabble anas mounted on a central vertical rotating shat 
The arms are fitted with rabbles which slowly stir the charge and carry it around fbe 
hearth as the rabble arms revolve Some of the furnaces of this type have but a 
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single hearth, while others have several hearths, one above another, all operated by 
the same central shaft. The top of the furnace sometimes is used as a drying hearth 
to remove the moisture before the charge is fed to the first enclosed hearth. The 
fiuuaces usually are built of firebrick, with arched-roofed and sometimes arched-floor 
construction. 

The roasting problems involved do not differ materially from those encountered 
in the roasting of the ores or other metals. The larger multiple-hearth roasting fur- 
naces and the larger rotating-cylinder furnaces have about the same capacity, and 
about 1 ton of tin concentrates per hour can be roasted satisfactoril 3 '- in such furnaces. 
The fuel consumed is 100 to 300 lb. of coal per ton of tin concentrates roasted. It 
generall.y is desirable to crush the ore or concentrates before roasting, and satisfactorj"^ 
results usuallj' are obtained if the material is crushed to pass about n screen. 

To maintain proper roasting conditions, it usuallj' is desirable to keep the roasting 
furnaces at temperatures of 550 to 650°C. The type of furnace, kind of fuel, and 
roasting cost depend on the location, character of labor, kind and amount of impurities 
in the tin concentrates and other conditions that affect roasting problems in general 
and that have been described fairly completely in the first volume of this work. 

Roasting Followed by Leaching. — Instead of mechanical concentration following 
the roasting of tin concentrates, the calcined material sometimes is leached with 
water or acid solution to remove products that have been made soluble by the roasting 
treatment. 

Leaching with water sometimes emoves certain soluble compounds, but leaching 
with dilute acid solutions is more effective, as some of the products formed during the 
roasting process are readily soluble in acids, although insoluble in water. 

Heating with Sodium Compounds. — Some tin concentrates contain tungsten 
compounds, which are not greatlj' affected bj' simple roasting. When these com- 
pounds are heated with sodium carbonate or sodium sulphate to about 600°C., sodium 
tungstate is formed. If the process is carried beyond the stage of the formation of 
sodium tungstate, some sodium stannate is produced, and for that reason an excess 
of sodium carbonate or sodium sulphate should be avoided. 

In this process the tungsten minerals react with the sodium compounds to form 
sodium tungstate, which is soluble in water and may be removed by leaching the 
treated material with water in a properly constructed vat. The sodium tungstate 
may be recovered from the solution by evaporation. After being suitably purified, 
it has a ready market. 

The process should be controlled by regulating the amount of sodium carbonate 
or sodium sulphate so that it will be present in sufficient quantity to combine with the 
tungsten but will not be present in excess so as to combine with some of the tin. 

This process has been used in several localities, but the results have not been 
entirelj' satisfactory, and the process is not used to anj" great extent at the present 
tmie. The removal of tungsten minerals bj' hand picking is perhaps the most satis- 
fnetorj' method and is the one generally used when it is found ncccssarj'- to remove the 
tungsten minerals before smelting. 

Jennings and Dolnn[3] have proposed a method for remoidng impurities from tin 
concentrates by heating the concentrates with acid sodium sulphate (bisulphate) 
instead of salt cake. Thej' state that the cassiterite is not affected bj' this treatment 
ond that inanj' of the other impurities are converted to soluble sulphates and may be 
leached out with water. 

Chloridiiing Roast. — When the tin concentrates are contaminated W'ith sulphides 
of the other metals, a chloridizing roast, followed bj' leaching, sometimes is used to 
purify the concentrates before thej' are smelted. When the sulphides of many of the 
common metals are roasted with salt in an oxidizing atmosphere, the sulphur becomes 



6GG NONlERROUb MblALLUHGY 

oxidized and combmea w ith the sodium of the salt as sodium sulphate, while the metals 
combine with the chlorme m the form of chlorides Cassitcnte is practically unaf 
fected by the eWondizmg roaat 

In the chlondizing metallurgical operations carried on m connection with the 
treatment of ores, it has been found that the chlondcs of some of the metals arc fairly 
\olatile and m the chlondizing roast such metals as bismuth, lead, arsenic, antimony, 
and silver may partly be removed in the form of fume The chlorides of some of the 
metals that remain with the calcined concentrates are soluble in water or dilute acid 
and ma> be removed by suitable leaching and n ashing 

I,eaching of the calcined concentrates with water or dilute acid usually is done m 
wooden or rubber Imed vatb properly constructed and in some cases fitted with filter 
bottoms 

The chloridizmg roast is earned on in furnaces similar to those used for dead roast- 
ing, the principal difference being that 1 to 5 per cent of salt (NaCl) w mixed with the 
ore or concentrates before they aro chargcil to the chlondizing furnace (Sec the 
chapter on Chlorme m Metallurgy for further information on this subject ) 

Oil Flotation — Tbc separation of metal sulphides from other minerals by means 
of oil flotation has been perfected and has become a moat important and extensively 
used metallurgical operation for the treatment of ores Flotation is used to great 
advantage m the purification and preparation of some tin ore or concentrates for 
smelting The sulphides of most of the common mclals are floated without difficulty, 
end cassitcnte is practically uaaSected, permitting separation of the metal sulphidM 
from the tin mineral 

In this w ell known process the finely ground ore is mixed with water and is sgitsted 
violently Oil in small amount, sometimes only a fraction of 1 per rent, is added and 
the agitation is continued until a heavy froth forms and floats on the surface Minute 
oil bubbles become attached to the small particles of metal sulphides because of the 
surface wetting property of the oil for sulphide mmcrnls, and in this way the oil 
brings the particles of sulphide minerals to the surface and causes them to float in the 
froth This action produces a separation of the metnl sulphides from the cassitente 
and ganguc which sink m the water in irhich the flotation is carried on 

Difierent kinds o! oil arc used for diRcrcni sulphide minerals, and by judicious 
selection of the oil and certain chemical additions to the flotation water, not only 
complete flotation of practically all the sulphide mmerals is obtamed, but it is also 
possible to produce selective flotation which removes one or more sulphide minerals 
and leaves the other sulphides unfloaled A further change m conditions renders 
additional sulphide minerals subject to the flotation action, and they may then be 
removed as separate concentrates 

Summary of Ore-prepaiation Methods — The common metals which, m the form 
of sulphides, are often associated with cassitente and remain as impurities mcassiteritc 
concentrates are Pb, Bi, Sb Zn, Cu, and Fe Arsenic w often present m the form of 
arsenides or arsenates of iron or other metals Tungsten, when present, is usually 
m the form of tungstate of lime or other bases 

Mechamcal concentration removes the gangue, but usually does not successfully 
remove the metal sulphides, because the specific gravities of most of the metal sulphide 
mmerals are not sufficiently different from the apecifio gravity of cassitente to make 
mechanical separation possible 

Roastmg will remove most of the sulphur and arsenic m the form of sulphuroiw 
and arsemous anhydrides, converting the metals with which they were previously 
combined mto oxides The sulphides of iron, copper, bismuth, and zme are con 
\erted to oxides by roastmg and Bwlphide of lead is largely converted to sulphate 
After roastmg, the oxides of bismuth, sme, and copper may be removed by leaching 
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with dilute acid. Tungsten maj’^ be removed by beating with sodium carbonate or 
sodium sulphate followed by leaching with water. Lead, bismuth, antimony, and 
silver may be removed by a chloridizing roast, followed by leaching with acid. Prac- 
tically all the metal-sulphide minerals may be removed by oil flotation. It will, 
therefore, be seen that a suitable selection of one or more of the purification methods 
which have been described will enable the metallurgist to remove most of the metal 
impurities contained in the tin concentrates and thus obviate their reduction with the 
tin in the smelting operation. 

Tin is a high-priced metal, and in comparison with some of the other common 
metals, the production of tin is small. No very large tonnage of tin ore or concentrates 
is smelted at any one tin-smelting plant. 

The tin ores or concentrates arc usually shipped from the mines in sacks and are 
sampled before going to the storage bins or to the treatment or smelting departments. 
It is the usual practice to sample each lot by taking each tenth sack and reducing the 
sample so obtained by coning and quartering or with a mechanical sampler until a 
sample of suitable size for assay is obtained. 

Because the tin is so valuable, the concentrates must be handled carefully to 
prevent loss of dust in sampling, during the transfer to the storage bins, and while 
charging to the roasting and smelting furnaces. 

Smelting. — The tin metallurgist is fortunate in receiving the tin in the form of 
oxide instead of in the form of more complex compounds which might introduce 
raotnllurgical difficulties. The reduction of tin from its oxide to its metallic form is not 
difficult, as the reduction takes place readily when tin oxide is lieated to fairly high 
temperatures in the presence of reducing agents, such as carbon. An excessively 
high temperature is not required to bring about the reduction of the tin to the metallic 
form. The temperature required for smelting is largely determined by the composi- 
tion of the slags which arc formed; for the smelting temperature must be such as to 
produce liquid slags that will permit the reduced tin to settle and collect in the bottom 
of the furnace. 

The smelting of tin offers problems similar to those encountered in the smelting of 
ores of other metals, and the general statement might be applied to all reduction 
smelting of this type that tlie results are always better if the smelting temperature is 
reached as quickly as possible. 

Two distinctly different smelting methods are followed, and the two methods make 
use of furnaces of entirely different types. In one method the tin concentrates arc 
smelted in shaft or blast furnaces, and in the other they are smelted in reverberatory 
furnaces. The older method and the one that was in most general use during the 
early life of the tin-smelting industry of the world is shaft- or blast-furnace smelting. 

Reverberatory smelting of t’m ores and concentrates did not come into use until 
well along in the eighteenth century and did not reach full development until the 
middle of the nineteenth century, but it is now the most generally used process, 
particularly in the larger smelting plants. 

In tlic smelting of tin ores and concentrates, the end desired is to produce as much 
reduced metal as possible and to make slags of such composition that tliey will be 
liquid at tlic smelting temperature and permit the reduced tin to settle through them. 
It also is desired to produce slags as low in tin as possible, as the principal loss in tin 
smelting is in the tin carried away by the slags. 

Tin smoltijig does not differ materialh' from the smelting of ores of other metals, 
except that the reduction is simpler, and, because of the absence of appreciable 
quantities of sulpliur, matte usually is not formed. The smelting of tin would appear 
lo lie a fairly simple process and, as far as the actual smelting operation is concerned, 
llic process is not complicated. The great difficulty in the smelting is introduced 
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by the fact that tin oxide combines readily with silica to form silicates of tin and 
during the smelting of tin concentrates mixed with flux and fuel, a considerable 
amount of tin invanablv combines with silica and goes into the slag in the form of 
readily fusible silicates of tin mixed w ith the other more or less complex silicates that 
make up the slag On the other hand, if an extremely basic slag should be used tin 
will act as an acid and again enter the slag 

In smelting ores of lead and copper, it is comparativclj easj with the production 
of metal matte and slag in the case of lead smelting or with matte and slag m the 
case of copper smelting to hold practicall> all the lead and copper m the metal or 
matte as the case may he and prevent it from going into the slag In tin smeltmg 
how ever w hilc a large proportion of the tin is rwluccd and recovered in the form of 
metal an undulj large amount in\aruibl> fluxes with silica and goes into the 
slag The amount of tm contained in practically all slags from the primarj smelting 
of tin concentrates is so extremely high that such sings cannot be discarded but must 
be re treated for their tin contents As it in necessary to rcamclt the first run slags 
It is important to use only a small amount of fluxing material in the smelting of tin 
concentrates no as to produce a minimum amount of slag 

The smeltmg of tin therefore embraces three distinct stages the primar> smeltmg 
of the tin concentrates in a blast furnace or in a reverberntorj furnace with the 
proper addition of fluxes and fuel the re-trealment of the first nm slags to reco'er 
the tin they contain and, fmallj , the refining of the reduced metsllic tm to remoa e the 
metal icipiirities that arc reduced with the tm in the smeltmg process 

Smelting in the Blast Furnace —Historical records seem to show that tin was first 
recovered bj smelting cassiteritc id small, crude hand>operated shaft furnaces that 
required some draft ^aturai draft probably was used in some of the carl; furnaces 
later on forced draft created b> hand-operated blowers was introduced 

Some scr) crude small furnaces are still m use m the Far East, where fairl} pure 
cassitcrite mxed w ith charcoal is fed into small shaft furnaces No scientific attempt 
IS made to produce shgs of an> particular composition, and the amount of impurities 
in the ore w hich is being treated is so small that fairl> high reduction of metallic tin 
18 obtained 

Some of the original shaft furnaces used in the har Ivost were aimplj hollow p ts 
dug in the ground The blast for such furnaces often was obtained bv means of 
hand bellows Some of the smaller Chinc«« shaft furnaces consist of bamboo forms 
Imed w itli clay A small Chinese tin smelting furnace operated w ith a hand blower 
such as 13 still being used in many semicii ilized portions of the For East, is shown m 
Fig 5 

^ith the introduction of the tm ores from Cornwall the metallurgj of tm m 
England received much scientific thought and a large amount of metallurgical skill 
was devoted to it The crude furnaces used in the Far Ea""* soon were replaced by 
larger furnaces and the old familiar blast furnace {known as the Cornish tm casilfe / 
wasdeielopcd This was a shaft furnace constructed entirely ofstoneo bnekand 
in Its best form was operated with positne blowers of the Roots type Charcoal was 
largely used for the fuel during the early development of tin smeltmg m England hut 
was later replaced bj coke The shafts of these furnaces were fairly low and the 
furnaces had comparatively small capacity 

At the present time some modem steel water jacketed blast furnaces are in us® 
in different parts of the world where tin concentrates are smelted m shaft furnaces 
The blast furnaces have a fairly low shaft and are operated with comparatiieiy low 
blast pressure With the exception of the low shaft, the furnaces are of the modem 
lead smeltmg type and metal and slag are produced according to regular bias 
furnace smelting practice 
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Blast furnaces for the smelting of tin concentrates are operated with coke fuel 
and are fluxed with limestone, silica, and other materials to produce easily fusible 
slags similar to the slags made in the smelting of the ores of other metals. 

The charging, fluxing, and operation of tin blast furnaces correspond approxi- 
mately to similar operations in the blast-furnace smelting of other metals. The 
principal difference between tin smelting and the smelting of other metals is in the tin 
which the first^run slags contain. 

IrVhile the formation of tin silicates as part of the slags is an economic difficulty, it 
does not introduce any metallurgical troubles, as the silicates of tin have low' melting 
points and do not hinder the satisfactory operation of the furnaces. Slags made in 
blast furnaces smelting tin concentrates are usually high in tin and may often contain 
10 to 25 per cent tin in ordinary practice. 

A brick-lined settler or forehearth sometimes is used to collect the slag and metallic 
tin as they are tapped from the blast furnace. The slag usually overflows from the 



Fig. 6. — Small Chinese blast furnace. 


settler into slag pots, which are taken aw-ay, and the molten slag is poured into W'ater 
to granulate it, or the slag is removed after it has become solid and is broken up and 
reserved for re-treatment, to recover the tin it contains. 

At intervals the reduced metallic tin is tapped from the bottom of the settler and 
is run into cast-iron molds. The pigs or slabs of tin are removed from the molds and 
are taken to the refinery for further treatment to remove the metallic impurities the 
*in contains. 

Alexandcr[41 has proposed a modification of the blast-furnace smelting of tin con- 
centrates in w'nich the concentrates are first sintered W'ith 7 to 10 per cent of coal. 
The sintering operation is said to remove 70 per cent of the sulphur and to leave the 
sintered material in the form of a cake that may easilj' be broken. The sintered 
material is fed into a blast furnace with coke and, if desired, some slag that must be 
rcsinclted for the tin it contains. The claim is made that, by using this process, 
slags low in tin and reduced metal low in impurities are obtained. 

Smelting in Reverb eratories. — The use of reverberatory furnaces for the smelthig 
of tin concentrates dates back to the early part of the eighteenth century, when 
reverberatory tin-smelting furnaces were introduced into Cornwall. From that time 
on they came more and more into favor, until at the present time most of the modern 
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tin smelting plmts in various parts of the world use reverberatory furnaces, not only 
for the primary Bmelting of tin concentrates, but also for re-treating the first-run slags 
to remove the tin they contam 

B3 the use of revcrbcritorj furnaces instead of blast furnaces it is possible to 
maXe somtvvhat cleaner slags in the origuial smelting of Im coneentrates as well asm 
the resmeUing of first run slags and the metallurgical operations are more readily 
controlled Because tin is such a valuable metal it u important to reduce the dust 
losses as much as possible Rev erbcrator> furnaces arc particularly suited to the 
smelting of fine tm ores and concentrates as the dust losses in rev erberatory smelting 
ire much less than in blast furnace smcltmg 



Fig C — Reverberatory tin smelting furnace 


“ITic rev erberatory furnaces gcnerallv used for Im smelting arc constructed of 
firebrick and v arj greatij m size the largest of them bav mg a hearth about 30 to ^0 
ft long and 12 to 15 ft wide Thej usually have the firebox at one end of the fumate 
and the flue at the opposite end Long flame bituminous coal usually is used for fuel 
although oil is an excellent fuel for reverberatory smelting and very satisfactory 
results maj be obtained with it where the cost is not prohibitive 

The larger furnaces will take 8 to lo tons of charge in each batch The charge 
consists of tin coneentrates with 15 to 20 per cent of anthracite screenings and small 
amounts of sand limestone slag and refinerj by products The charge is well 
mixed before it is fed to the furnace and the process is a batch operation a complete 
charge being fed to the furnace smelted and the "furnace lapped before a second 
charge is put in The proper temperature for operating tin rev erberatory fumaees is 
1200 to ISOO^C The larger furnaces usually require 10 to 12 hr for each charge 
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■\Vhen smelting tin concentrates, a fairly large amount of tin is allowed to go into 
the slag, because it has been found that such practice tends to produce reduced metal 
containing a minimum ainoimt of impurities and also a minimum amount of hard- 
head. The object is not so much to keep the tin out of the slag as it is to keep the 
impurities out of the reduced tin. 

After a batch is smelted, it is tapped from the furnace through a single taphole, 
and the reduced metal and slag are allowed to run into a large brick-lined settler or 
forehcarth. From the settler the slag usually overflows into cast-iron slag pots which 
are mounted on trucks and are drawn away on the slag track as soon as they are filled. 
To remove the slag from the pots the lower ends of bent iron bars sometimes are 
immersed in the slag while it is still molten, and after the slag solidifies it is lifted 
from the pots by means of these bars. 

Slag obtained from the first smelting of tin concentrates contains so much tin that 
it must be resmelted, and after the slag cakes are removed from the pots they are 
broken up and crushed to pass about a M-in. ring. The crushed slag is transferred 
to slag-storage bins, where it is kept until required for slag-smelting charge. Rever- 
beratory-furnace slags, obtained from the first-run smelting of tin concentrates, usually 
contain 10 to 25 per cent of tin. 

The molten metallic tin is tapped from the bottom of the settler and is cast into 
pigs or thin flat slabs, weighing about 75 lb. each. The tin usually is cast in the form 
of slabs, as it has been found that the flat slabs are particularly suitable for charging 
to the refining furnace. 

After the furnace has been tapped, the next charge is introduced immediately 
before the furnace has a chance to cool. Successful smelting requires that the charge 
shall be melted as quickly as possible so as to reduce the tin rapidly, which gives a 
liigh yield of clean tin. The charge is stirred at intervals with iron hoes attached 
to long iron handles which are operated through the side doors of the furnace. The 
stirring should be deep so as to remove any of the unsmelted charge that adheres to 
the bottom of the furnace. As soon as the appearance of the charge indicates that it 
is smelted completely, the charge should be tapped from the furnace. 

Tin-smelting reverberatory furnaces are constructed of firebrick and have a fire- 
brick hearth sloping toward the taphole which usually is placed at about the center 
of one side of the furnace and low enough to drain the furnace completely when the 
taphole is open. 

The roof is of arch construction, and, as in other reverberatory smelting furnaces, 
the roof should be sprung from and supported by heavy continuous steel-beam skew- 
backs, so that damage to the side walls will not endanger the roof, and side-wall 
repairs may be made without affecting the roof. 

The furnaces usually are charged through several charge holes placed at regular 
intervals down the center of the furnace roof. The charge material often is kept in 
small feed bins located above the charge holes, each bin holding enough material for 
one or more charges, as desired. 

Some of the tin compoimds arc somewhat volatile at the smelting temperatures, 
and even under the best conditions considerable tin passes out of the furnace in the 
form of fume and dust. Successfid smelting operations require the use of dusf^coUect- 
ing equipment in coimection with the smelting furnaces. 

Slag Smelting. — Slag produced in the first-run smelting of tin concentrates, in 
cither a blast or reverberatory furnace, as already said, invariably^ contains so much 
tin that it is necessary^ to re-treat it before it may' be thrown away. First-run tin 
slag is re-treated in either a blast furnace or a reverberatory furnace of the same 
general type as is used for the smelting of tin concentrates. 
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The cost of smelting slag m a blast furnace is probably somewhat le«3 than in a 
reserberatory furnace, but the second run slag obteined from a blast furnace usually 
contains more tm than similar elag made in a irvcrbcrntOT) furnace 

In smeltmg slag the main object is to nducc to the metallic form the fin that la 
contained in the original fir^t n.n slag in the form of tin silicates Gcnerallj speak 
mg a higher temperature is required for slog smelting than for the smeltmg of tm 
concentrator because it la more difficult to reduce tin to the metallic form from the 
silicates of the sHg than from the oxide in the concentrates 

A fairly large amount of reducing material is required m the smelting of slags and 
when reverberator} furnates are used, the reducing material usualh is added to the 
charge in the form of anthracite Ecrcemngs Some limestone usually is adclca as a 
fluxing material Sometimes metallic iron m the form of scrap or other readir 
obtainable material is added to the slag smelting charge to replace the tin in the 
silicates of the slag and to permit the reduction of the tin to the metallic form Lime 
sometimes is depended on to react uith the tin silicates to bring about the same 
result Metallic tm produced in the smelting of slags usuall} u impure and generally 
contains a large amount of iron in the form of hard head tin iron allo) 

fhe remoxa! of tm from the firit-nin slog is one of the most difficult operations 
the tin metallurgist entounlers and successful slag smelting requires great care and 
expert control Unless the slag-smelUng operations are carefully conducted, the 
second run slags will be high m tm 

In the best practice, the slag tesulting (tom the slog smeltmg should not contsia 
more than 1 per cent of tin but second run slags often contain more than 1 per cent 
of tin, and not infrequeutl} slags containing 3 per cent or more are di“carded 
Generali} speaking tlic metallic tm produced m the smelting of slag and al«o the 
metallic tin produced in Ihepnm tr> smeltuigof tm concentrates require some refining 
before they are ready for the market 

Some of the richer slogs from the first smelting of tm concentrates, and also 
by-products from the refiner) and from slag sinelting, are returned to the tm con 
centrate smeltmg furnace and arc added to an original tin concentrate smeltmg charge 
IVion reverberatory furnaces aic used 10 to 18 hr is required for smelling a slag 
charge Slag smoUing m rci erheratory furnaces is a batch process, the same as tin 
concentrate smelting an entire charge being smelted and tapped from the furnace 
before the next charge is put in Reduced metal and "lag are handled in settlers and 
slag pots in a manner similar to the handling of such materials from a tm-concentrate 
smelt The slag is remoxed from the pots and is broken up and throftn awaj, or is 
poured oxer the dump while still molten 

Refimng — Most of the reduced tin obtained in the smelting of tm concentrates 
or slag must be refined before it is read) for the market The tin obtained from the 
first smelling operation contains many metallic impurities that xx ere reduced " ith the 
tm and are alloyed xvilli it The kind and the amount of impurities the tin contains 
depend largely on the metal uiipuntirs m the onginal tin concentrates and for that 
reason the tm obtained from the sincUmg of aomc tin ores requires much more 
refining than does the tin from other ores 

Two methods of refining tm Iiaxe been used extensix ely and succe‘«fuUy la the 
first of tliesc methods the tm. is refined by Ueatrtteatment, and m the second bx 
electrolytic treatment 

The heat treatment method is the one generally used in x arious parts of the w orld 
and, although many modifications haxe been adopted m different place® tm is refined 
in substantially the same manner in the different locabtics 

The refining may consist of one or both ctf two operations the first is liquating or 
sweating and the second, boiling tossmg or poling WTiere both liquating and 
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boiling are necessary, the tin always is liquated first and is then subjected to the 
boiling treatment. Liquating is done in a comparatively small sloping-hearth rever- 
beratory furnace built with the firebox at one end and the flue at the other. The 
hearth usually slopes to one side toward a large door or taphole, which discharges 
continuously into cither one or two outside cast-iron kettles. 

The object of liquation is to remove from the tin all metallic impurities, alloys, 
and compounds that have melting points appreciably higher than the melting point 
of tin, and by this process the tin is separated from the metallic impurities b3’’ liquating 
or sweating it at a temperature just slightly above its melting point. 

The bars, pigs, or slabs of tin to be refined are placed on the upper side of the 
liquating-fiirnace hearth. The furnace is kept at a temperature just slightlj’’ above 
the melting point of tin, a slow fire being used for this purpose Long-flame bitumi- 
nous coal is used for fuel, and the temperature is carefullj^ regulated. 



Fig. 7. — Liquating furnace with refining kettle. 


The bars or slabs of tin aie piled on each other with spaces between them, and the 
tin soon begins to melt and run down. The melting is slow, as the success of the 
operation depends on careful regulation of the temperature so as not to melt 
the metallic impurities that are present in the form of alloj's and compounds asso- 
ciated with the tin. 

The clean tin runs from the furnace into one of the outside kettles, leaving the 
residue on the hearth. After the metal that molts at a low tempeiature has been 
sweated out, the dross remaining in the furnace is pushed toward the fire and the 
tcniporatiire is raised until all possible metal has been removed. This second sweated 
metal is caught in the other kettle, as it is so impure that it should not be mLved with 
the metal obtained from the first sweat. The second metal is cast into pigs or slabs 
and is resweated with the next charge. 

After the second metal has been siveated from the dross, the temperature is again 
raised and the dross is thoroughlj’ roasted. The final roasted residue is resmcltcd 
■"itli an original tin-concentrate charge in the tin-concentrate smelting furnace. 

Manj’ impurities are removed in the liquating furnace, but some of them which 
have coinparativolj- low melting points are sweated out with the first sweat metal. 
Most of the iron is removed in the liquating furnace as it remains with the dross, but 
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a small amount goes into the sweated tin Most of the lead and bismuth also 
go into the tin Much of the arsenic antimony, and copper remain with the dross 
The first sn eat tin that collects in the cast-iron kettle outside the liquating furnace 
usually 13 boiled or tossed to complete the refining The kettle bolds 6 to 10 tons of 
met^ and usually is separately heated by a coal fire underneath it The metal in the 
kettle IS heated to a temperature considerably above its melting pomt, and the boiling 
operation is earned on by stirring the molten metal with a pole of green wood or by 
immersing in il a bundle ol green wood sticks held together by iron bands At the 
high temperature of the metal the green wood undergoes dcstruetive distillation and 
the steam and gases resulting from the distillation of the wood arc given off beneath 



Fio 0 — Sectional plan of tin reverberatory 


the surface ol the metal and produce a strong boiling or bubbling action m the bath 

{cf Copper Poling page 253) In this way the different portions of the metal bath are 

brought to the surface and exposed to the air Some of the metal impurities and part 
ot the tin are oxidized, and the o«de drosses collect on the surface and are skimmed off 
from tune to time These drosses are resweated or are smelted with an original tin 
concentrate smelting charge m the same way as the residues from the Lquating fur 
nace In some of the more modern refinenra, the bodmg is done bj agitating the 
molten metal with compressed air instead of green-wood sticks 

The boiling operation is carried on until the desired grade of refined metal is 
obtained If the tm contains fairly large amounts of impurities, the boiling sometimes 
is continued for many hours The metal must not be heated to an excessively high 
temperature, as boilmg at a high temperature causes a large amount of the tm to 
become oxidized 
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Tossing consists in filling hand ladles with the molten tin and pouring the molten 
metal back into the kettle, thus exposing it to the oxidizing action of the air. Tossing 
produces oxidized drosses similar to the drosses that form in the boiling operation. 
Boiling is the method usually used; both tossing and boiling are hardly ever employed 
at the same refinery. 

Iron is removed almost completely by the boiling operation, and other impurities, 
principally arsenic and antimony, are greatly reduced in amount. 

After the refining has been completed and the dross has been skimmed from the 
kettle, the surface of the metal will have a clean bright appearance, and the tin is then 
removed, usually by hand ladles, and is cast into pigs ready for the market. Great 
care is exercised in casting the pigs so as to give a fine appearance to the metal. Tin 
tends to oxidize on the surface while in the molten condition, and for that reason the 
metal is poured at a temperature just slightly above its melting point. The metal is 
poured into cast-iron molds, which are filled quickly and are skimmed lightly on the 
surface with a wooden paddle just before the metal solidifies. 

Electrolytic Refining of Tin. — This process has been used successfully at one 
refinery in the United States, but, because of economic conditions previouslj’' dis- 
cussed in this book, tin smelting and refining in the United States were abandoned in 
1923, and since the closing of this American electrolytic-tin refinery, the electrolytic- 
refining process no longer has been used to any extent for the treatment of tin from 
primary ores. 

As in the electrolytic refining of other metals, many impurities originally contained 
in the tin are removed by this process, and very pure tin is produced. Because of 
the possibility of removing the metallic impurities from the tin, it is not so essential, 
when electrolytic refining is to follow the smelting operation, to remove the other 
metal minerals from the tin concentrates before smelting. The refining is carried 
on in the usual way in electrolytic cells, tin being deposited on the cathode and minor 
amounts of other metals being recovered in the form of anode slime by-products. 
The patents state that, as originally developed, the electrolytic tin-refining process 
made use of an electrolyte of hydrofluosilicic acid containing sufficient sulphuric acid 
to combine with the lead present to form lead sulphate. In the later modification of 
the electrolytic-refining process, the electrolyte consisted of hydrofluosilicic acid 
containing some sulphuric acid, a small amount of cresylic acid, and glue. The 
hydrofluosilicic acid used was of about 15 per cent strength and had about 4 per cent 
of tin dissolved in it. 

Vail[5] states that, at the American refinery where this process was used, the 
refining was done in 68 tanks similar in size and construction to those used for copper 
refining. The tanks were of wooden construction and were lined with asphaltic 
material. Hard-rubber fittings were used for the pipe lines which carried the electro- 
lyte. Each tank contained about 11,000 lb. of tin anodes, and the cathode starting 
sheets were of tin }4, in. thick. The current density was about 12 amp. per sq. ft., 
and the deposition per ampere-hour was about double that of copper. Vail also 
states that, before being cast into anodes, the tin obtained from the smelting of tin 
concentrates was first subjected to refining by liquating and boiling. A general 
description of the process is given in the patent specifications[6]. 

Methods of Assay and Analysis. — ^Thcre are two general methods in use for 
determining the amount of tin in ores and other products: the fire assay and the 
volumetric wet analysis. 

The fire assay for tin usually is conducted in the following manner: Grind slightly 
more than 5 g. of the sample until it will pass through a 100-mesh screen. Dry at 
100°C. and cool; weigh out exactly 5 g. into an 8-oz. wide-mouthed flask. Add 
100 cc. hydrochloric acid (concentrated), and digest at a low heat until the volume is 
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reduced to about 15 cc Add 50 cc nitn*. and (concentrated), and continue the 
o^apo^atIon to a volume of 10 to 15 cc Add about 200 cc of Abater, bod, andollow 
to stand Filter on double filter papers contaminR paper pulp, uashmR ujtb ’Rorm 
water juat acid with nitric acid If tungsten is present, treat with ammonia (con 
centrated) and again filter and wash with water Transfer the precipitate to a 
porcelain crucible and ignite Brush the contents of the crucible onto a clean sheet 
of glazed paper break up lumps w ith a spatula, mix thoroughly with 20 g of sodium 
cyanide (free from chlorides), and transfer to a 20-g claj crucible m w hich has been 
placed 4 or 5 B of eodiutn cyanide Cover with sodium cvanidc, fuse m a muffle 
furnace at a red heat for 20 to 25 min , cool wash « itli water, break the crucible to 
obtain the button clean the button andsoakmhotwater to rcmoie adhering cjanide 
Dry and weigh Run in duplicate Duplicates should agree within 0 15 per cent 

The volumetric determination of tin is verj useful and is applicable to nearly all 
kinds of ores, metallurgical products, and other malcnala containing tm A number 
of volumetric methods have been proposed, the best of w hich depends on the titration 
of stannous chloride with standard iodine m cold hydrochloric acid solution This is 
called the Pcarce-Low niethod(7), and is one of the simplest, shortest, and most 
accurate for the volumetric estimation of tin It depends on the oxidation of stannous 
to stannic chloride by iodine in cold bydrocblonc acid solution according to tb' 
equation 

SnCI, + 2Iia + I, - SnO, + 2H7 

Starch solution is used as indicator A small amount of sulphuric acid is not 
objectionable but nitric acid and mtrates must not be present 

The method requires that the tin shall be brought into solution m hydrochloric 
acid AMien possible, the finely ground sample is dissolved directly m h>drDch!orio 
netd in some cases the addition of a small quantity of potassium chlorate, aatimony 
chloride or platmic chloride, or the presence of a piece of platinum foil, accelerates 
solution In the analy sis of materials containing sulphides or certain alloy s a mixture 
of hydrochloric and nitric acids may be u«cd, followed by treatment w ith sulphuric acid 
and then w ith hydrochloric acid Siliceous products frequently respond to treatment 
with hydrofluoric acid 

For the decomposition of insoluble silicates, fusion with alkali carbonates is 
■efiective Practically all silicates arc decomposed by this process, but it is not suit- 
able for use wnth samples containmg msoluble tin oxide, and if sulphides or salts of 
tm soluble m acids are present they should be removed before the fusion process is 
applied The addition of 10 per cent of borax to the alkali carbonate accelerates the 
decomposition m some instances 

Acid insoluble residues may be decomposed by fusion with sodium or potassium 
hydroxide the melt being subsequently dissolved in hydtoeWone acid This method 
IS perhaps the most useful of the fusion processes, since it is applicable to almost all 
products and generally requires only a very simple prehmmary acid treatment An 
iron crucible is the most suitable for use with this process 

Sodium peroxide also may be used for the fusion process, but it corrodes the 
crucibles very rapidly, and generally its disadvantages more than offset the extra 
speed gained by its use The addition of or^mc matter to the peroxide, to funii'h 
the necessary heat for the reaction, has been suggested as a means of preventmg the 
corrosion Quieter fusion results if zinc sulphide, iron sulphide, or potassium per 
sulphate is added to the peroxide 

In the final hydrochloric acid solution, the tm usually will be found m the stannic 
condition and must be reduced to the stannous condition before titration This 
reduction usually is accomplished m one of four ways by the use of iron m the form of 
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rods, nickel or aluminum in the form of sheets or strips, or finely powdered antimony. 
Only pure soft iron may be used. If carbon is present in the iron, it generally will 
cause high results. 

The use of aluminum renders this part of the method somewhat imcertain and 
makes it difficult to control the operation. The principal objection to the use of 
antimony is that the presence of so much finely powdered material in the solution 
obscures the end point. The only objection to nickel is the light-green color given 
the solution, but this does not affect the sensitiveness of the end point if the concen- 
tration of nickel salts is only that derived from the metal used for the reduction. 

The reduction and the titration arc best performed in an atmosphere of carbon 
dioxide and in a solution containing not less than 25 per cent nor more than 40 per 
cent by volume of free concentrated hydrochloric acid. The temperature of the 
solution to be titrated should not exceed 22°C. 

One-half to 2 g. of the sample (depending on the percentage of tin) is first brought 
into hydrochloric acid solution. The solution is transferred to a 12-oz. wide-mouthed 
conical flask, enough concentrated hydrochloric acid is added to make a total of 50 
cc. of free concentrated hydrochloric acid present, and the solution is diluted to 200 cc. 
with water. A liickel coil is prepared by rolling 6 sq. in. of heavy sheet nickel (4 in. 
long and in. wide) into a loose roll of such size that it may easily be inserted into 
the flask. A narrow strip of nickel is left attached to one side of the coil, long enough 
to reach above the top of the flask. This coil is placed in the flask containing the tin 
solution, the nickel strip is bent over the edge, and the flask is covered with a small 
watch glass. The solution is heated to boiling, and gentle ebullition is maintained for 
30 min. after all the iron w'hich is present is reduced. The reduction of the iron is 
indicated by the yellow color of the solution changing to a pale green. Thirty minutes 
is more time than is necessarj' for the complete reduction of the stannic chloride from 
0.5 g. of tin oxide, and it complete reduction does not result in that length of time 
either the nickel is too small or the nickel is inactive, due to impurities, and should be 
discarded and replaced by pure nickel. 

It has been stated, as an objection to this method, that it is impossible to tell when 
the reduction of the tin is complete and that tllh operator may titrate the solution 
before the tin is all in the lower form. It has been found that larger amounts of tin 
than would ever be taken as a sample are entirely reduced long before the expiration 
of the time allowed for the reduction, and no trouble need be anticipated from this 
cause. 

The solution in the flask is cooled in an atmosphere of carbon dioxide generated 
by adding two H-in. cubes of crystalline marble to the solution. The nickel coil is 
then removed and is washed with cold hydrochloric acid solution (1 part of concen- 
trated acid to 3 parts of ■water) as it is withdrawn from the flask. A small amount of 
starch solution is then added and the solution titrated at once with standard 
iodine. 

The standard iodine solution most convenient for this titration is prepared by- 
dissolving 10.7 g. of iodine in 50 cc. of water containing 20 g. of potassium iodide in 
solution and making up to 1 1. with water. When a J-f-g. sample is taken for analysis, 

1 cc. of this solution -will equal 1 per cent of tin. It may be standardized against tin 
or arsenious oxide. 

Few of the elements that are ordinarily found in materials to be analyzed for tin 
interfere with this method. Ni, Co, Mn, Mo, U, Cr, Al, Zn, Pb, Ca, Mg, sulphates, 
phosphates, bromides, iodides, and fluorides have no effect unless present in such 
karge amount that their color masks that of the indicator. Arsenious and antimoni- 
ous compounds in weak acid solution consume iodine, but in a hydrochloric acid 
solution of the strength used in this method they have no effect. 
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If about 0 1 g or more of antunony u present jn the solution, tlie nickel coil «il] 
precipitate metallic antimony m a -ver) slimy condition w luch does not settle and 
obscures the end pomt This maj be prc\eDted bj using a solution coniammg more 
hydrochloric acid If, therefore, thesample taken containsO Ig ormoreofontiinon%, 
the solution IS made up to contain 75 cc of free concentrated hj drochlonc acid instead 
of 50 in 200 cc of >olume, before reduction If this is done, the precipitation of 
slimy antimony u ill be prevented and no trouble « ill be cspcncnced If the antimony 
content is not know n and the 8lim> antimony begins to precipitate during the reduc 
tion, an additional 23 cc of concenlTaled hjdrocWonc acid may be added which 
gcnerallj mil cause the antimony to dissolve and prevent further precipitation If 
the precipitated antimony does not dissolve another sample can be treated, addng 
more h>drochloiic acid before reibiction 

Copper in small amounts has no effect on the method, but if 0 03 g or more w 
present in the solution it will be precipitated incompletely during the reduction the 
titration vnll consume more iodine than is required by the tin, cuprous iodide will be 
precipitated, and the results w ill be erratic and high 

If copper IS pre'<ent m the sample in large enough amount to interfere, it inu«t first 
be removed by treatment w itK nilne acid 

Bismuth is precipitated m the metallic form durmg the reduction with nickel 
In this form it is said to consume iodine slowly, but (he action is slight, and unless 
present in Urge amount its effect is negligible If U is desired to remove U the 
metallic precipitate may be filtered and the filtrate again reduced and finished as usual 
Tungsten is reduced by the niekil rod to a lower state of oxidation, w itb the forms 
tion of a blue precipitate said to be MtO*. This is said to be oxidised slowly br 
iodine, thus giving high results, but the oxidation is not proportional to the amount 
of tungsten present Tungsten in amounts usually met with docs not interfere to 
any extent, and its effect is noticeable only when it ls present m large quantity In 
case it should be desirable to separate the tungsten, the blue oxide may be filtered off 
with the precipitated bismuth, the solution afterwards being again reduced and 
titrated 

Titamo chloride is reduced to titfnous chloride by the nickel cod In the Pearce- 
Low method titaiuum alone or with iron is said to consume no iodine, but m the 
presence of tm large amounts of titanium will consume iodine, giving high results. 
The error caused by titanium seems to be approximately a constant one and is inde- 
pendent of the amount of titamum present Titanium may best be removed by 
convertmg the tm to msoluble oxide by evaporation w ith nitric acid and then fusing 
for 5 min with potassium bisulphale The melt is dissolved m water and sulphuric 
acid and filtered 

If titanium and tungsten are both present, the tungsten will remam with the tm 
after filtering the extracted melt of the bisulphatc fusion The tungsten may be 
removed from the residue by heating with ammoruum carbonate solution, m which (be 
tin IS in<5oluble 

Bismuth, tungsten, or titanium, m any reasonable amount, such as is usuall' 
met with, do not mterfere with the method, and they may, in general, be neglected 
especially if the titration is performed rapidly , w Inch, to a large e.xtent, will elunmste 
secondary reactions The interfcrente of all these metals is greatly increased by very 
slow and careful titration which seems to aetclerate their action and give them time 
seriously to affect the results This is especially true of titanium, for bismuth and 
tungsten ate not so active and, as a rule, need not be considered 

Ferrous chloride is omdized only by excess of iodine, and no action takes P 
unless a very large amount of iodine is run in and allowed to stand Its action is 
slow even then, and the presence of iron does not affect the accuracy of this m®* 
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A tin determination may be run through and results obtained by this method in 
about 114 liT-i and the method is accurate to about 0.1 per cent. 

BIBLIOGRAPHY 

1. Prescott, A. B., and 0. C. Johnson: "Qualitative Chemical Analysis,” 191L 

2. Lewis, Henry: "Metallurgy of Tin,” 1911. 

3. U. S. patent 1435303. 

4. U. S. patent 1426341. 

5. Vail, R. H.; Eng. Mining Jour., May 27, 1916. 

6. U. S. patents 1157830 and 1397222. 

7. Jour. Soc. Chem. Ind., Nov. 15, 1916. 



CHAPTETl XXV 

MINOR AND RARE METALS 

By Donald M Liudlll 

Be(4),Ct{72) Cc (5S) Ch(4D,Dj (6G) I r (CS) I « (G3) Od (W), Ga (31) '’c 
(32>, KI (72). Ho (67) In (40) lA (57) I u (71), Ma (43) \Io (42), \d (GO), Pr 
Rb (37), Rd (75), Sm (G2). Sc (21), Sc (31) Ta (73) Tc (52), Tb (Oo), 11 (81) Th 
(90), Tm (69) Ti (22), IT) (70) ■) (39) Zr (40) ( The figurM in parcntl)e«>e3areth-' 

atomic numbers Phe true rare-earth metals have the 15 atomic numbers from 57 tr 
71 In these elements the four quantum shell expands from 18 to 32 nithout 
change in the outer shells 5 and 0 The fact that there is onl\ thi' sliglit progressne 
difference in molctular structure is what makes their properties bo similar and their 
Bsparatjon bo dithcuU ) 

General Consideratioas — he final separation of the rare earths usually depends 
on repeated fractional cr)staths9(ion8 or precipitations nnd leoeliings The«epara 
tions are not clear cut and (he spectroscope is the final mctliotl of test for punt) 
The work with the rare metals and eartlia therefore requires an immense amount of 
time and patience 

One general separation of the entire group depends on tho fset that when tsrtaru 
acid, ammonia, and ammonium aulpUide arc added to the filtrate from the RiS group 
Fe, Zs, Co, Cr, Ni A1 and Mn will be precipitated (the last two not quite cora 
pletely) and m the solution will remain R, Ti, 7r, Tli, Be, Ca, Mg, ^a, D, traces 
of A1 and Mn and the rare earths > 

From this solution, precipitation with oxalates m acid solution, re-solution, and 
reprecipitation w ill give only the rare earths in the final residue 

Hopkins giv es the follow mg general procedure • The ore is ground to a fine powdrr 
and extracted with acid or fused The acid is visually HC^or although HFis 

eometimes emplo) ed Tho fusion mixture may be HKSOi, BaOH, or HKFi The 
use of the iluondcs is usually hmiteil to minerals confaming columbium and tan 
talum, since the fluorides of these compounds are soluble and hence can be «ieparated 
from the insoluble fluorides of the rare earthy which can then be decomposed with 
H,S04 

The solution is saturated with hydrogen sulphide to throve out the copper tin group 
and the rare earths then tbrowo down with oxalic acid Both solutions should e 
boiling and the oxalic acid added slowly 

Thorium and zirconium can be rcmo% ed by boiling the crude oxalates with ammo- 
nium oxalate, which dissolves all the zirconium and most of the thorium Thori^ 
may be completely removed by repeated treatments with ammomum oxalate or J 
precipitation from a neutral or slightly acid solution with ILOj 

Columbium and tantalum, if present, are also removed by this means 
The rare-earth oxalates remaining after extraction of tho Cb, Ta, Zr, and 
then separated into the cerium group earths and the y ttnum group earths Jsm 
method 13 as follows Mix the dried oxalates with enough sulphuric acid to form a 
thick paste, then ignite cautiously Dissolve tbe anhy drous sulphates m ice water an 
i/our Chtm Sc-e \oL119 1927 
* Ctermstiy ol the Raiet Elemeots p 98 

sso 
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sift in solid sodium sulphate. The order of precipitation is, approximately, Sc, La, 
Ce, Pr, Nd, Sm (the cerium group, sulphates difficulty soluble); Eu, Gd, Tb (terbium 
group, sulphates slightly soluble); Yt, Dy, Ho, Er, Tm, Yb, Lu (yttrium group, double 
sulphates very soluble). The separation is not exact, and the jd.trium group will 
begin to come down before all the cerium group is precipitated. Consequently, to 
obtain the cerium group free from the yttrium group, much of the former must be left 
in solution. To obtain the yttrium group free from cerium, enough alkali sulphate 


Double niiraics of 
Lo,Cc,ondPr. Boil 
w.KBrOj and CaCOj 

Bosic Soln.uponevapn. 
edou' ' 


Oxides modein+o double Mq nitrates (fl) 

y ^ 


Cenrtra^c 9avBdoubl?nitrat« 
ofLaandPr Convert 
double 

ammonium ni+ra'tes 
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Crude double 
nitrate of Nd . 
Continue cryst.f 

Nd Mg nitrate 


Mother ligijorppt. OS 0*0 late5Nd,Sm,Eu,Gd,Tr,Yi, 
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bromote bromate 
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bromates 


Bromates of Gd,Tr,Dg,Ho,Yt,Er,Tm,Yb, ondLu 
froctionollg crystallized '' 


Dg.Ho.Yt 

bromates 


CrodeYt 

bromote. 
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w.NaNOj 


YtandEr 
bromates. 
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w.NciNOz 


Er, Tm,Yb,Lu 
bromates 


Bp,Yl,Er 
basic nitrites 


Filtratespptd. 
by oxalic acid, 
it oxalate 


ErandYt 
bosic nitrates 


(a) Leasi soluble porft'orij forming while or 
greepkh crys fats consisting of lanthanum, 
cerium and praseodymium magnesium nitrates 
together mfh traces of the neodymium compound 
More soluble crystals, colored deep amethyst, being 
largely composed of neodymium magnesium nitrate wifhiraces 
of the double n'lirtites ofmagresium wifhsamarium,ptaseadyniium, cerium and lanthanum. 
Oxides from mother h'guors containing neodyinium,samarium,europium,gadolinium, 
terbwrn,clysprcsiuni,bolmium,yttrium,erbium,ihuh'um,yiferbiumandlutebium. 

Fig. 1. — Flow shoot of precipitating rare earths. 


must be added to precipitate a considerable amount of the yttrium group. If the 
jnirification of any members of the yttrium group is purposed, it is best to add alkali 
.sul])hato until the neodymium absorption lines can no longer be seen. 

Cerium itself may be removed by the treatment of a neutral solution with potas- 
sium bromatc and a few small pieces of limestone. The cerous salts are oxidized to 
ceric and come down as a basic, precipitate. 

The ecrium-earth double sulphates can be reduced by fusion with charcoal and will 
then go into .solution with hydrochloric acid. 

Cerium can also be removed by the James bromate method.^ In this some small 
pieces of lime are added to the nitrate solution, to keep it neutral, and then KBrOx 
is added and the solution boiled. The cerium is oxidized to the quadrivalent condition 
and prccijiitntes as a basic s.all. 

If the crude o.vnlates from the mineral contain less than 20 per cent of the yttrium 
group, it is well to begin fractional crystallization of the nitrates at once. When the 

* Jamxs ami Jout. .Ajtj. Chem. Soc., Vol, 33, p. 1320. 
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yttnum elcmcnta in the soluble end of the gcrica become abundant enough to interfere 
TVilh the crystallization of the cenum group, then the cenunv group should be sepa 
rated with sodium sulphate 

Except for these feu general methods, the separations are long-continued fractional 
crystallizations or precipitations Uibain and NteUbach soTnetimes made thousands 
of crystallizations in the effort to differentiate t«o of these rare earths The process 
of fractional crjstallization is very well described by Dr Docmer under Hadium (see 
page 645) A table of comparative solubilities appears below, and James and Pratt a 
scheme appears on page 681 ' 

In the more soluble end of the cr>Btallization8 it maj be ncccssarj at some time to 
throw down the rare earths as oxalates to get rid of accumulated iron and alumina 


COUPAIUXTIM SoUmiLITlFS 
(The solubiht) increases from top to bottom ) 
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• Solubility about twice the Sra aalt. 

‘ The double dimnbyl phoipbateo are raueb teaa aoluble at 80 or 80*0 than at 15 to 20“C 


The preparation of the double magnesium nitrates, which are x exy useful in frac- 
tional crystallizations is carried on as follows The rare-earth oxides are dissob'ed m 
nitric acid, having a sbght excess of theomdes present, and then the solution is reduced 
(chiefly cenc to cerous salts) by means of a little of the original oxalates from which 
the oxides were derived A quantity of nitnc acid equal to that in u luch the oxides 
were dissolved is then neutralucd with chemically pure magnesium oxide and the 
rare-earth and the magnesium solnlians are then filtered and added together 

Basic nitrates can be made m txro ways The first method consists in com ertmg 
oxalates into oxides, thence to nitrates, recovering the nitrate as a sohd salt, and fuMg 
until decomposition sets m In dissolving the resultant mass with water the BolubUity 
runs A t, Eu, Gd, Sa, Tb, Ho, the holmnun salts bemg least soluble 
« Kepnated from /our Am Cfitm Sae 1918 p 43 
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The second method consists in adding hot caustic soda little by little to a boiling 
solution of the nitrates. 

In general, crj’stallization should be carried on by two methods used alternately, 
one of which tends to concentrate the impurities in the crystals and the other in the 
mother liquors. 

Aldebaranium, cassiopeium, denebium, dubhium, and neothulium were the 
names given to elements that Auer von Welsbach separated from erbium, which 
he regarded as of complex nature, and from thulium. Later investigators have 
not confirmed his findings.' 

Beryllium. — For the extraction of beryllium from beryl, H. Copaux suggests 
the following:® Heat the mineral with two parts of NaiSiFe, forming NajAlFe and 
Ka 2 BeF 4 . Crushing followed by lixiviation removes most of the Be with a little Al. 
BeO, AI 2 O 3 , and SiOj are then thrown down with boiling NaOH, dissolved in H^SOi, 
and pure BeSO^.dHsO crystallized out. Cb and Ta interfere and must be removed 
as oxalates. (See page 67 also.) 

The separation of berj'llium from the other iron-group metals can also bo carried 
out by fusing with sodium carbonate. AljOj and CrjOa form soluble compounds that 
can be leached out. FcjOs, TiOi, ZrOj, and BeO stay behind. A fusion with HKSO 4 
then separates the iron and beryllium. While recommended for large-scale use it 
seems a laboratory method. 

The preparation of berjdlium from gadolinite is thus described by James.® The 
finely powdered mineral is treated with hot HjSOj to dense fumes. The solution is 
allowed to settle, is decanted, and hot oxalic acid solution added. After filtering off 
the rare-earth oxalates, KBrOj is added to oxidize the oxalic acid, and iron and beryl- 
lium precipitated together by adding a little ammonia, then sodium hydroxide, until 
the odor of ammonia is noticed. Filter. Enough hydrochloric or sulphuric acid is 
then added to dissolve about two-thirds of the precipitate, and sodium hydrate slowly 
added until the iron is almost down (as shown by testing a clear portion of the solution) 
and the solution filtered. The remainder of the iron is then treated with hypobromitc 
solution at boiling, and precipitated with sodium hydroxide until ammonia gives a 
white hydroxide precipitate with it. The last trace of iron is then thrown out with 
sodium-hydrogen sulphide and filtered off. (These last two residues contain beryl- 
lium and are worked up with the next lots of mineral.) The beryllium is then 
thrown down as basic carbonate by adding a concentrated solution of sodium car- 
bonate to the solution. The hydrogen sulphide must be boiled out before this 
precipitation. 

Beryllium has been obtained as metal by reduction of the cliloride by sodium and 
pota.ssium, in an atmosphere of hydrogen. Another process is to heat berylliiun 
potassium fluoride with sodium. It has been obtained in lustrous hexagonal crystals 
by electrolyzing the double fluoride of beryllium and sodium or potassium with an 
excess of beryllium fluoride. A more recent process electrolyzes a fused bath of 
sodium and beryUiura fluorides'with an output of compact metallic beryllium. The 
metal is 99.6 per cent pure. 

It has a silvery luster and when cold flattens easily under the hammer. The 
si)ceific grar-ity is 1.79 and the melting point 1385°C. The metal is insoluble in cold 
concentrated nitric acid. Its specific heat is 0.4070. 

About 0.5 per cent of beryllium is added to the thorium-cerium solution used in 
incandescent gas mantles to give body to the mantle. 

Cassiopeium. — Sec Aldebaranium. 


' Sitih. Alai, ll’ijj. (Mcnna), Vol. 2. a, p. 124; Jour. Cltm. Soe., Vol. 110 (II), p. 277 
s dim. Tni., Vol. 2. p. 014. 1010. 

*^aur, .^Im. Chem. Soc,, Vol. 38, p. 875. 
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Celtium (Cl) — I^eportcd by O Urham in Itrtl as allied to lutecium and scandium 
In properties it lies betw ecn them known as hafnium (7 e ) 

Cerium — Except for the pjrophoric aUo>s and cerium steels (these showuig 
no great advantage oi cr cheaper alloys), this metal has no metallurgical applications 
There is a steady economic pressure from thousands of tons of accumulated residues 
in the gas mantle industry, but no absorption into tbc arts \Miile this is due to its 
price tins could not be permanently lowered because of a true scarcity of cenum la 
the earth s crust, and any considerable use would immediately reduce supplies to the 
\anishing point 

Lanthanum, praseodjmium, neodymium, and samarium arc the related elements 
Melslbc cerium cannot be obtained by electridysis of the fused salts, except m 
finch divided condition I scard* rreommendst electrolysing a mixture of 3 parts 
BaC I 2 , 3 parts CaFj 8 parts Ca( and 10 parts CcCl,, heating the mixture in an 
elettrip furnace and using on iron crucible as cathode CcCl* is added as the reaction 
proceeds At200amp and IS xoUs he saysa product results containing 9S per cent 
cenum 1 per cent iron, and traces of oxide and carbide The metal can he punfied 
by amalgamation and distillation of (he mercury It has a density of 6 7S and a 
melting point of 773'‘C It is o«lj slowly nUectcd bj cold water, but rapidly by hot 
water, with the evolution of hydrogen It bums when heated to 1C0®C The pyro- 
phoric alloys cerium magnesium and cerium aluminum can be obtained by sunul 
taneous eieclroly sis of the mixed salts Cerium iron may be obtained m the ahwace 
of air bv heating the elements in an clcclnc furnace m a graphite crucible at red beat 
—cerium 70 per cent iron 30 per cent, 13 the common alloy 

Metallic cenum cannot be obtainoil by reduction of the oxide by carbon, as a 
carbide forms even m the presence of an excess of the oxide, in w hieh ease CcCi 2Cc0j 
18 formed Formation of the carbide may be prevented by adding CuO, copper* 
cerium alloys being formed 

The initial separation of the metal from monazite sand is by dissolvmg the sand 
in sulphuric acid and adding HNaSO* to throw' down double sulphates of cenum 
group metals and sodium * It can also bo separated as a phosphate as follows 
Monazite sand is treated with concentrated sulphuric acid and earned to fumes 
The soluble salts are then extracted with cold water If the extract carries less than 
S 8 per cent of CejfSO,)! the sulphuric acid should be brought up to 12 per cent If 
the cerium sulphate runs between 5 8 and 1 1 5 per cent, the free sulphunc acid should 
be brought up to 20 per cent 1 / there 13 over llj^ per cent of Cei{SO«)i, the free 
sulphuric acid should be brought up to 25 per cent The solution is then endued for 
8 hr , using a platmum gauze or a peroxidited lead anode and a platinum cathode 
The cathode current should be 1 2 amp per wj dm , the anode current density should 
be 1 amp per sq dm By diluting to 10 per cent sulphuric acid in the presence of 
phosphoric acid, about 99 per cent of the cenum 13 precipitated 

Metallic cerium can be precipitated by the electrolysis of a fused mixture of 22 
per cent sodium chloride, 15 per cent potassium chloride, and 63 per cent cerous 
eblonde 

In the formation of cenum carbide in the electric furnace the process seems to be 
a three-stage aSau 

2CeO, -h C » Cc,0, + CO 
CjO, -f- 9C =. 2CcC, + SCO 

and the CeC, then breaks dow n into CeCi and graphite, so that it seems impossible to 
prepare CeC» without graphite • 

*/nrf eA»B» Vol 5 p 182 

>ir S patent 1279257 W S Cha*8 

•Dauisns a Ann efiim Vot 10 p 330 
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Scbacic acid in boiling aqueous solution precipitates thorium quantitatively, but 
not cerium or lanthanum. By the addition of bromine water in excess to a suspension 
of the cerium earths in alkaline solution, followed by heating at 100°C. until the excess 
bromine is expelled, and then filtering, the filtrate will be freed from cerium and will 
contain lanthanum and didymium. 

Waste material from the gas-mantle industry can be used for the preparation of 
metallic cerium.^ The oxides are dissolved in HCl, using an excess of oxides. Sodium 
and phosphorus compounds are removed with barium chloride and iron, manganese, 
and chromium by ceric oxide. The solution is then evaporated. The formation of 
oxychlorides is prevented either by an atmosphere of HCl gas, or by 30 per cent by 
weight of a mixture of KCl and NH4CI, or NaCl and NH4C1 is added before evapora- 
tion. After evaporation, fusion is effected in cast-iron pots high in carbon and silicon, 
and the fused salt boiled for 20 min. The mixture is then transferred to the elec- 
trolytic cell and electrolyzed at 850°C., with an anode current density of 6 to 7 amp. 
per sq. in. for graphite and 5.5 amp. for carbon. About 7 to 12 volts pressure is used. 
If the electrolyte was prepared by the seeond method, the temperature may be raised 
to 950°. After the twenty-fourth hour, heat and stir every half hour to agglomerate 
the cerium, shutting down at the end of about 27 hr. If the electrolyte was prepared 
by the second method, the process may run 60 hr. The pot that served for the elec- 
trolysis is broken up, as it is too much attacked to use again. There are small quan- 
tities of lanthanum, dysprosium, erbium, and thorium in the cerium thus produced. 

Misch metal can be prepared from the gas-mantle residues without purification. 
This will ordinarily run 50 to 60 per cent Ce; 25 per cent La; 15 per cent Dy, Sa, etc.; 
and 1 to 2 per cent Fe.® 

About 0.3 to 2.0 per cent CeOj is recommended in the ThOj for gas mantles. 

Crude cerium oxalate gives up its iron impurities upon treatment with dilute 
hydrochloric acid. It can then be converted to hydrate by boiling with KOH or to 
oxide by calcination. Pure CeOj appears to be of a light chamois color. 

' Columbium. — The element, in the form of oxide, is almost invariably associated 
with tantalum ores, its separation from tantalum being described under the discussion 
of that metal. The columbium remains in solution as potassium fluoxycolumbate 
(2KF.NbOF,). 

Columbium can be separated from zirconium by fusion with sodium carbonate 
and leaching with hot water. Columbium dissolves completely, tantalum largely, 
zirconium not at all. 

kletallic columbium can be prepared by electrolysis of the molten fluocolumbate, 
prepared ns given under Tantalum {q.v.). 

The alloys of columbium are said to be highly acid-resistant, two in particular 
being noted: Zr, 6.8; Cb, 53.5; and Ta, 39.7 per cent (Canadian patent 214118); and 
Ni, 75; Fe, 11; and Ta and Cb, 14 per cent.’ 

Denebium. — See Aldebaranium. 

Dubhium. — See Aldebaranium. 

Dysprosium. — ^This metal was discovered in 1886 by Lecoq de Boisbaudran, 
who named it for the Greek "difficult to approach,” because of the trouble ho had 
in isolating it. The mineral or residue is decomposed with hydrochloric acid, the 
rare earths precipitated as oxalates, and the precipitate washed to remove iron and 

> British patent 110229 of 1918. 

• A liistorical review by B. Simmersbach of pjTophoric alloys will bo found in Chem. Z , Vol 45 n 
577, 1921. ’ ■ 

’ jt Rood reference for the analytical chcmbitr}- of columbium is lUom. J., Jour. Chtm., ^fe^. Soc. S. 
A/riea, Vol. 10. p. 189. A brief outline will be found in JonNBTosE’s “Hare-earth Industr}-,’’ p. CO, 

D. Appleton. For a ccncral discussion of columbium, see, Balke, 7nd. Snp. CAem Vol 27 no IICC-^ 
1 ICO. October, 1935. ' 
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beryllium UsuiUj the earths are reprecipJtated to remove silicon am! iron further 
If the cerium group 13 present, it is beat rrmoietl by the double-siilphalc method In 
this, the oxalates are con\crte<l to sulphates bj moistening with sulphuric acid and 
Ignition to 400°C the resulting sulphates dissohed and solid sodium or potassium 
sulphate added to the solution to aaturation (sec pnge C»80), most of the cerium group 
being throun down m such a solution The earths m solution should then again be 
precipitated as oxalates to get rid of the alkali salts Specific gravitj is 8 4t 

As the } ttriiim group are again m solution as sulphates, the metals arc conicrlcd 
to bromatis bj double decomposition with banum bromatc Ihe bromates are then 
recrjstallizcd fractionally 

LeAsT Mmt 

SoLCSLE Mieoui SoLCBlE 

Sm Nd Ir Dy Ho Lr Yt Tni 

The rccrj’stallization of llitse aalla as double ethi 1 sulphates i« also practiced, the 
oxides being converted into the double salts b) prolongwl agitation «ith cthji 
sulphuric acid In this case absolute altohol »s used a* the soUenl and the frartiona 
tion takes place at 9®C , the resolution of the erjstallizcd portions being performed at 
3Q to 40®C In order of increasing solubilities Gd, Tb, Nd, Pr, IIo, Dj , \ , hr, Ih 
rhe first three are readily remoted from dvspro^ium, but holmium is not 

Xenthotime and gadolinite are the mam sources of d)8prosmm> The closely 
related elcnents arc erbium, bolmium, and thulium 

Erbium — This metal is denied mainl) from gadolmite The gcnerslb followed 
method of extraction la that given on page 683 The mam difficultj ts in its separa 
tion from europium and gadolinium I\ ichers, Hopkins, and JlalkC saj that frac 
tional precipitation of the cobalticjnmdes or vvitb sixlium sitntc gives good results, 
but that the classic nitrate fusion (fractional decomposition) is beat Willard and 
James recommend the sodium nitrite method for work on o large scale See also 
under D^sproaium 

Europium — This mcfal is obtained from monazitc sand residues It «as idea* 
tified m 1901 bj Demarcaj, who found he was working with a nitrate more soluble 
than gadolinium and leas soluble than samarium Its salts are a pale ro«e color 
Specific grant} is 5 30 

The eventual separation is bcbt performed bj fractional crjstallization of the 
double-magnesium mtrales, using 30 per cent IIAOi as the solvent (see page 6S2 for 
solubilities) The separation of samarium from europium la finallj accomplished bj 
adding some bismuth magnesium nitrate to the solution The bismuth magnc'ium 
nitrate has a solubilit} lying between samarium and europium The bismuth with 
which each fraction is contaminated is final!} thrown out b} hvdrogcn sulphide 

Europium and }tterbium arc said to be unique among the rare earths in giving 
amalgams if solutions of the acetates m tertiaiv polassiura citrate are stirred "dh 
potassium amalgam (Jour Am Chem Soe \ol 63, p 3432) The eleetrolvsis of 
the above solutions when electrolyzed w ith a mercurj cathode is aNo aaid to give 
and Yb amalgama The elements most closci} related to europium are gadolinium 
and terbium 

Floientnim — Dr Itolla of the Imiversitj of Florence ItaH, proposed this name 
for what appears to be lUmium (element 61) 

Gadolinium —This metal was identified m 1880 bj C Morignac m samarskite 
It 13 named for the mmeral gadoluute which, in turn, is named for the Furnish 

* Fora senttaldseussoT. D{dy«pi(»um»ee Am Soe \ot 39 p 53 and Vol ^0 P 

593 

*/oar Am Chem Sot Vol 40 p 1615 
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chemist, Johann Gadolin. It is now chiefly obtained from monazite sand 
residues J 

Crj'stallization of alkali-gadolinium sulphate and hydrazine-gadolinium double 
sulphate gives only a rough concentration of gadolinium. Crj^stallization of the bro- 
mates gives a good method for separating the terbium earths from the yttrium group, 
but does not separate the terbium and cerium groups. The acetate method gives a 
good separation of Gd from Sa, Pr, and Nd. 


Compound 

HjO of 
crystallization 

Grams salt in 100 
g. of saturated sol- 
uble at 25°C. 

Lanthanum acetate 

1.5 ' 

14.47 

Praseodymium acetate 

1.0 

21.48 

Neodymium acetate 

1.0 

20.76 

Samarium acetate 

3.0 

13.05 

Gadolinium acetate 

4.0 

10.37 

Yttrium acetate 

4.0 

8.28 


Double nitrates of bismuth and these earths fractionate in the reverse of the 
acetates, and alternated with the acetate method, give a good separation. Fractional 
crystallization of the nitrates gives a rapid separation of the cerium earths in the early 
stages, but toward the end is much inferior to the acetate. Gadolinium can be rapidly 
separated from terbium by fractional precipitation with NH 40 H .2 

If a mixture of sulphates is reduced by strontium amalgam, Gd can then bo 
quickly separated from Tb, Y, Sm, and Eu by precipitating the gadolinium as a 
benzene sulphonate. 

Gallium is found chiefly in the flue dusts of zinc works. During the First World 
War, when large quantities of zinc were redistilled, residues were left comparatively 
rich in gallium and indium. This alloy is volatile at the temperature of the ore 
furnace, but resists distillation for weeks at 1000'’C. 

It is probable, according to G. W. Waring, that any practical method of extraction 
must be founded on fuming the ore at a high temperature, circa 1500°C., and separat- 
ing the gallium from the flue dusts or where redistillation of spelter is carried on, on a 
tremendous scale. Gallium is interesting because of its low melting point, 30.8°C., 
and high boiling point. It instantly spreads in a thin mirror film over any sort of a 
dry surface (it wots glass), and it re-collects in a globule when wet with slightly 
acidulated water. The metal undercools after melting and may not solidify until 0°C. 
is almost reached. 

Gallium may bo separated from iron by the solubility of its hj'droxide in NaOH, 
and from aluminum and chromium bj"^ precipitation as ferrooyanide. The ferro- 
cyanidc, Gai[Fe(CN)(i]3, when ignited gives GasOj and FcjOj. It is not precipitated 
by H-S in acid solution, but is by NH«OH in NH<C1 solution. Many of the gallium- 
aluminum alloys arc liquid and wet glass. The metal itself may be produced by 
electrolysis of the chloride. The potential of the metal is apparently between indium 
and zinc, but it is distinctlj' more difficult than zinc to precipitate. It is one of the 
few elements that expand on solidifying (like bismuth). Its density near the melting 

* A critical study of the separation of gndoliniuni from other metals of the terbium- and ytterbium- 
earth croups is Rtven in Z» anorg. aXlgem. Chcvi,^ Vol. 109, pp, 1-30, 1919. 

*Good Rcnoral references on gadolinium ore Compl rend., Vol. 149, p. 127; and Chtm. Kewf, Vol, 
100, p. 73. 









088 NONfhllROUS MhTALhUnGY 

point 13 \ ariously given at 5 885 to 5 904 as a solid and G 081 to G 09 ) as a liquid 
The cubical coefficient of expansion of the liquid ii about 0 000055 per degree centi 
grade, but the metal cannot be used m thermometers ns it wets glass Its atomic 
weight 13 69 72 

Probably the easiest method ol separation of gallium from indium and rinc 13 by 
fractional erj stallization of the cesium alums 

The metal cannot be separated bj eleclrol>Bis of sodium hjdroxide solutions in 
the presence of nitrates 

Germanium —Atomic weight, 72 6 The metnl can be detected b> a modified 
Marsh test, using KOH and Al GeII« is formed, which decomposes at 340 to SCO'C 
The metnl is prepared from germanium bcanng zme oxides (containing also lead 
arsenic, cadmium, indium, Im, and antimon>) by treating the oxide with hydrochloric 
acid and then distilling in a alow current of chlorine gas, driv ing ox cr CeCli and AsClj 
II Sis then passed into the distillate until precipitation is complete Germanium dors 
not precipitate with II jS in the presence of ammonium oxalate The precipitate is 
dissolved in hot 50 per cent AaOH and Clt passed m to oxidize the arsenic Add con 
centrated HCl and continue the Cl/ and distill GeCli non comes oier between 90 
and 100®C free from arsenic Collect the GcCl« m water, as hydrated GeOj The 
spectroscope shows traces of sodium, calcium, and iron, which can he removed br 
redistdlation H the mixed sulphides arc roasted at not 01 er 500®C, most of the 
arsenic can be removed before distillation, without loss of germanium 

Al 600*C , 30 per cent ot CeO» is lost, at 800 to 900“C , 80 to 90 per cent is lost ' 
Samarskitc, often given as containing germanium, appears to contain none Ger^ 
xnaTUum can also be separated from arsenic as the double fluoride (IIjGeTil, which u 
not affected by HtS, whereas arsenic is precipilateil m HF solution by HiS * 

Urbam describes the preparation from blende as follows Di'isoUe the powdered 
mineral m concentrated H*SO< and evaporate to dryness Diasohe m water and 
add Xa^S Treat the residue with 15 per cent IliSOt, leaching out the ZnS T>eat 
the insoluble with KNOi and evaporate to dryness Redissolvc m HtSOi and from 
strong acid solution precipitate with HiS The precipitate is CeSz with a little As 
and Mo Add an excess of N H«OII neutralize, and throw out the As and Mo, then 
precipitate from a strong acid solution 
Glucinum — See Beryllium 

Hafnium is of interest in that Bohr predicted the discovery of this element by his 
theory of the structure of the atom and it was later discovered by X ray obsen aliens 
by Coster and Hevesy of Copenhagen Its atomic number is 72 It resembles 
titanium and zirconium and it appears to be found only in company with the latter 
Dr Alexander Scott of London claims to have isolated it as a cinnamon brown oxide 
from a New Zealand black sand deposit Its atomic weight is 178 6 It u probably 
present in the black sand deposit just below Pablo Beach, Fla 

HiAvehina —'Proposed as the name lor element 85 by Ur Tt alther Minder 
Hibemium is a radio clement that is assumed to be the origin of the particles that 
form the rings between the halves of ytterbium mica It is probablv identical with 
ytterbium itself 

Holrmum — This metal is very like dysprosium, but is clement 77, Dy is 76 
It IS chiefly found in euxenite It closely resembles didynnium, terbium, y ttrium, and 
erbium The addition of an excess of samarmni salt followed by fractional crystalhza 
tion removes yttnum, europium, and gadolinium The samarium can then itself be 
removed as double sulphate (see page 681) Fractional hy droly sis of the phthalates 
increases the holmium content of » holnuum yttrium mixture, as does aho fractional 
l/our Am Chem. So< Vol 43 pp 2131 2U3 1921 
•Kid pp 2549-2552 
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precipitation witli sodium nitrite, but dysprosium cannot be so separated." Ethyl 
sulphate crystallization using alcohol as the solvent is also used. 

Illinium. — Element 61 discovered in 1925 by B. S. Hopkins, J. A. Harris, and 
L. F. Yntema. Named for the state of Illinois. 

Indium. — This is one of the rarest of all the elements. It was discovered by Reich 
and Richter in 1863, and named by them for the two indigo-blue lines that are 
characteristic of its spark spectrum. It is found mainly in flue dust from zinc 
smelteries and in metallic zinc. 

If metallic zinc is used as the source, the zinc is dissolved in hydrochloric acid, the 
indium remaining with the lead, undissolved. Indium is precipitated as sulphide in 
neutral or only faintly acid solution. After freeing from the copper-group metals, 
the iron and indium may be precipitated together by ammonia, the precipitate 
redissolved in hydrochloric acid, and the nearly neutral solution boiled with an excess 
of NaHSOa. 

Indium precipitates as a basic sulphite. Metallic indium may be prepared by 
heating the oxide with hydrogen, by electrolysis of chloride or sulphate solution in 
the presence of pyridine or hydroxylamine. Metallic aluminum precipitates metallic 
indium from its solutions at 70 to 80°C. It is a white metal, softer then lead, ductile, 
and malleable. 

It is very like gallium, and fractional crystallization of the double cesium alums 
is the only effective way of separating gallium and indium. It is stable at ordinary 
temperatures, but bursts into blue flame on heating. 

Lanthanum comes down with the double sulphates (page 681) and is among the 
more insoluble of the double-magnesium nitrates. It is said that it can be rapidly 
separated from praseodymium and neodj'mium by adding a mixture of 4^ NHj 
and 4iV NH<C1, a drop at a time, at 50°C., using mechanical stirrmg, but this is 
a laboratorj’ rather than a commercial method. Fractional precipitation with 
ammonia in the presence of zinc and ammonium nitrates is also recommended. 
Specific gravity, 6.17. Lanthanum can be largely separated from neodymium by 
treating a mixture of their bromides with ethyl benzoate. The Nd reacts much 
faster to produce the insoluble benzoate, and the first precipitation can be made to 
consist of 95 per cent Kd benzoate to 5 per cent La benzoate. 

Lutecium. — In 1907, when G, Urbain was examining supposedly pure ytterbium 
nitrate fractions, he obtained different spectroscopic lines for the various portions. 
He decided that ytterbium was, therefore, composed of lutecium (Lu = 174.99) and 
ytterbium, 173.4. The reactions are essentially the same for neoytterbium and 
lutecium. Apparently lutecium is Welsbach’s casseiopeium. It is named from the 
ancient Roman name for Paris, Lutetia. 

Masurium is formed by bombarding Mo with deuterons. It is soluble in dilute 
ammonia and can be separated from most of the Mo in that way. Oxyquinoline 
precipitates Mo and does not precipitate Ma {Chem. Abstr., Vol. 32, p. 8856-). 

Molybdenum. — The methods ordinarily given for the treatment of wulfenite 
(the most common mineral) are to loach with NasS, the molybdenum going into 
solution SIS NajMoO<, or to fuse with soda ash, sodium hydroxide, and powdered coal, 
obtaining a lead bullion and a slag from which sodium molybdate may be leached. 
In either case, the molybdenum is recovered from this solution by precipitation as 
CaMoO,. 

For ferromolybdenum production, the finely ground pulp is mixed with soda-ash 
solution and heated to boiling, and the molybdenum thrown from the filtered solution 
!•»’ Fej(SO<)3 or FeClj and the precipitate smelted with carbon in an electric furnace. 


Cl. Chem. Xtjlr., p. 2072, of 1918. 
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Molybdenum sulphide is said to be acted on at above 268®C bj chlorine, and it is 
suggested that pure sulphides could be treated with chlorine and MoCl< condensed 
Molybdenum has a dcnaitj of 10 2, tensile strength, 260 000 lb per sq in , melting 
point, 2550°(. boding point, 3617*C specific heat, 0 072 cal per ilegree centigrade, 
linear coefficient of expansion, 5 16 X lO"*, thermal conducln ity, 0 346 cal per deg 
per cc electrical resistance, microhms per cubic centimeter at IS'C , annealed, 4 8 
(all according to Balke) See also page C32 

Nebulium is a hyiiothctieal clement* not known terrestrially It is probably a 
mixture of highly ionized N, 0 and 8 

Neodymium — This is found chiefly in ccote, which maj be dissolved m acids, 
and the earths precipitated as oxalates, whicli are converted into oxides on ignition 
Ihese oxides are then treated with nitric acid, wrhich on heating produces basic ceric 
salts lanthanum, praseodymium, ncoilimium, samarium, and jtterbium are in 
solution Crystallization of the nitrates from nitric acid tends to concentrate lan- 
thanum cerium, neodymium, and praseodymium in the mother bquors Crystalliza- 
tion of the double-magnesium nitrates lends to throw lanthanum and neodimium into 
the crjstala 

Neothulium —See Aldebaranium 

Neoytterbium — In lOOS, Urbam announewl that he had fractionated ytterbium 
compounds by a long senes of crystallizations into two distinct compounds, the base 
of one with an atomic weight of 170 (neoytterbium) and the other with an atomie 
weight of 174 flutecium) Tlic name neoytterbium has been dropped and that of 
ytterbium given to this fraction, the unseparated earth often being spoken of as 'the 
old ytterbium ’ Thoahoveweighuhaxesmccbccncorrcctcd See Lutecium, supra 
Kiobium — See Columbiiim, which is the proper name 

Praseodymium comes out in the insoluble double alkali sulphate fraction and then 
among the leas soluble double-magnesium nitrates (see scheme, page 681) Its name 
means "the green twin ’ It can be prepared by electrolysis of the nnb> drous chloride, 
which can also be reduced by sodium at 200*C It is a silvery white, easily tarnished 
metal of «pecific gravity 0 75 which melts at 9I0*C and kindles in air at 290*C 
Rhenium accumulates m the Mo rich material from working up the Wansfeld 
copper schists for Cu Co, Mo, and Ki It is oxidized m sulphate solution with 
KClOj to potassium perrhenate sod purified by fractional crystallization Reduc- 
tion with hydrogen gives the metal It can also I» separated by saturating an alkal i n e 
solution contammg Mo and Re with lIjS, and refrigerating to ^5*C , when rhemuin 
sulphide precipitates, and Mo remains ui solution Voight says metalhc rhenium is 
obtained by electrolyzing slkalme aqueous solutions (D R P 723,303) 

Rubidium was discovered in 1S61 by Bunsen and Kirchhoff, and named for two 
dark red lines It may be recovered from Icpidohte by decomposition with sulphuric 
and hydrofluoric acid or tiom any silicate by decomposing with C&Clt and r»II«Cl 
and heat Rrom the first, cesium rubidium alum can be recovered From the second, 
after precipitation of CaSO, with HjS 04 , and CaCO, with (NH«)iCOi, the addition 
of platimc chloride throws down cesium rubidium chlorplatmate (Seep 85 also) 
Rubidium metal may be prepared by electrolysis of the fused chloride It is a 
soft silvery metal It melts at 38 0*0 andboilsateOCC It takes fire spontaneously 
m air and decomposes water vigorously It can also be prepared by heatmg the 
the chloride in vacuo with CaCj at 700 to 900*0 The metal distills ofi 

Cesium and rubidium are themselves separated by fractional crystallizations of 
cesium iron and rubidium iron alums, foRow ed by removal of the iron 

Samarium — Material containing samarium is purified as follows * Cerium is 
‘ Nicbomon Hoy Attron Soe If If Tol 78 p. 349 
*OwMa nALci end Krxmebb Jour Am.Ckent Soe 42 p 615 1920 
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thrown out by bromine and marble; La, Pr, and Nd by fractionation of the double 
magnesium nitrates; Eu and Gd by fractionation of the magnesium double nitrates 
along with the double nitrate of Bi and Mg; and finally the Sm is alternately precipi- 
tated as Sm(0H)3 and Sm2(C204)3 and recrj-stallized as hydrated chloride. The 
bismuth-magnesium nitrate is added and has a solubility intermediate to samarium 
and europium, so that it thus affords a separation. The last of the bismuth can itself 
be removed by HjS. The metal is supposed to melt about 1300°C. It is named for 
samarskite, in -which mineral it -was first discovered. Specific gra-vdty is 6.93. 

Scandium. — Scandium is chiefly found in the wolframite of Zinnwald, although 
Nilson discovered it in 1879 in euxenite. 

Scandium can be separated from wolframite residues by dissol-vdng the oxides in 
hydrochloric acid and precipitating with ammonium fluoride.^ To separate pure 
scandium salt from this precipitate, lead, copper, etc., are precipitated with hj'drogen 
sulphide from acid solution of scandium chloride; iron and manganese from solutions 
of scandium-potassium carbonate, the former with potassium-hydrogen sulphide, 
the latter with iodine in potassium iodide solution ; molybdenum is removed as sul- 
phide by precipitation in the presence of formic acid; and the thorium, yttrium, and 
ytterbium by precipitation of scandium-sodium carbonate, combined with the frac- 
tional crystallization of sodium formate. 

The scandium is then throwm out of its solutions by HE or HjSiFo or NajSiFc in 
acid solution, after which it will contain only small amounts of thoria, yttria, and 
ytterbia. It can be further purified by precipitation with Na 2 S 203 , but will probably 
still contain about 1 per cent of thoria. 

The (NH 4 )jScFe, precipitated by addition of ammonium fluoride to scandium 
salts, also can be used for fractionating. This salt hydrolyzes to (NH4)2ScF8 and 
NPLScF4. 

Pure scandium is diamagnetic. Yttrium and celtium are the closest related ele- 
ments. The atomic weight is now ordinarily given as 45.1. 

M. Speter says scandium can be separated directly by decomposing its minerals 
b 5 ' acid, or fusing them with alkali and dissolving the melt in acid. The acid solution 
is filtered, the rare earths precipitated as oxalates and boiled with H 3 PO 2 , filtered 
again, the precipitate taken up in sulphuric acid and reprecipitated as oxalate. - 

Scandium is one of the three elements clearly forecast by Mendel6ef. His “eka- 
luminum” is gallium, “ekasilicum” is germanium, and “ekaboron" is scandium. 

Selenium. — This clement was discovered in the dust collected in acid-chamber 
flues by Berzelius in 1817. It is widely distributed in the ores of lead, copper, gold, 
and silver and in pyrites. Tlic chief source of the commercial metal is the flue dust 
from plants treating electrolytic copper slimes. There are a number of allotropic 
forms. From the metallurgical standpoint only three varieties are important: the 
finely divided material produced bj' precipitating selenium from chloride solutions 
with sulphur dioxide or carbon monoxide (the former being the common commercial 
precipitant); mtreous selenium; and metallic selenium. If the first form, -which is a, 
bright-red to dark-bromi precipitate (this precipitated modification itself runs through 
several allotropic forms), is heated it melts to a black mass, which, when cooled 
quickly, gives a black to purple-black vitreous bar when viewed by reflected light and a 
beautiful red if drawn while hot into thin sheets. Ylien the vitreous modification is 
kept for some time at a temperature of ISCF. or over, it changes to a silvery-gray 
modification (metallic selenium), which is unique among metals in having its electric 
conductivity greatly altered by changes in the intensity of the light with which it is 
illuminated. 

* STERn.4, J.. F.UklTochrm., p. 280. 1914. 

‘Oerinau patent 2S2ti.’j7. 1941. 
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The resistance falls with increased illuinination and increases as the temperature 
increases 

The change from the vitreous to the metallic state is strongly exothermic and 
becomes more rapid as the temperature increases up to about 125®C The metal 
melts at 217“C 

The metallic modification can be chitiged back to the sitreous bj melting and 
quick cooling 

The refining of selenium and tellurium has become “big business ” Two of the 
modern plants have allowed their recovcr> methods to appear in the Institute of 
Metals Division volume of the American Institute of Aiming and Metallurgical 
Lngmeers for 1943, both being reprinted from MelaU Technology of 1938 Frederic 
Benard describes the plant of the Ontario Refining Co at Copper Cliff, and C M 
Clark and J H Schlocn describe that of the Montreal h ast plant of Canadian Copper 
Refineries Ltd The following is based on their articles 

Modem selenium recovery bj copper refiners is largely based on a slow roasting 
of the copper shmea with sulphuric acid The dried slimes arc mixed with 73 per cent 
of their weight of 60 per cent sulphunc aeid Additional acid » also added m 
the form of a spraj on tw o of the roasting hearths during the roasting operation, at 
the Montreal East plant Roasting is carried on at 700 to 800°F the combustion 
gases from the roasting furnaces being sent through the silver-refining scrubber system 
to avoid any possibility of loss of metal white the roosting gases w hich contain about 
85 per cent of the eclenum, are handled through a separate scrubber and Cottrell 
fume-recovery eystem The scrabber solution is treated for selenium wl eneicr the 
aelenium content builds up to \ lb per cu ft of solution 

The roasted ehmes are leached with water which eliminates most of the coppei 
Thej arc then treated with 10 per cent eaustie «oila solution whieh renlO^C8 alwiu 
85 per cent of the tellurium The solution from this soda leaching » later used to 
leach the soda slags from the dord furnaces In smelting the shmes, the first slag is 
taken off which contains chiefly lead, arsenic anlimoii), and iron, and the residue 
left in the furnace is treated with fused soda ash and blown with air, most of the 
selenium and tellurium being converted to sodium selenite and tellurite The residue 
can also be treated with scrap iron which breaks down the selemum matte and 
renders the blowing unnecessary In either case, the soda slag is leached with the 
caustic solution from the previous slunc treatment 

The caustic soda leach is neutralized with sulphuric acid which precipitates the 
tellurium dioxide the selenium remaining m solution 

This neutralized solution and the senibbcr solutions arc acidified with 10 per cent 
of their weight of 66*86 sulphuric acid and are treated with sulphur dioxide 
Precipitation is carried on between 60 and 90*F , below 60* too large a quantity of 
sulphur dioxide gas is reouired to saturate the solution w bile, abov e 100° the selenium 
becomes plastic and is difficult to clean out from the precipitator and alwajs occludes 
a certam amount of sulphuric acid Selenium cannot be precipitated compIetel> from 
straight sulphuric acid solution so that the solution after precipitation will 'till carry 
about 0 5 g per 1 Se and about 0 2 g per 1 Te 

The selenium precipitate is washed and added to the crude selenium from the 
scrubbers and Cottrell installations, and this selenium is distilled using castriron 
retorts at just above the distilling point of selenium This gives a selenium product 
containing less than 0 1 per cent Te The retort xeaidue is ground and sent back to 
be roasted with the raw shmes The precipitate from neutralization of the caustic 
soda leaches carries about 32 per cent Te, 6 5 per cent Se, and 2 per cent Cu This 
mud IS mixed with sulphuric acid and roasted for about 8 hr , which ehmmates most 
of the selenium as a fume and converts the copper to water soluble sulphate 
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Tellurium cannot be precipitated from a straight sulphuric acid solution, so about 
2 per cent of salt is added before passing in sulphur dioxide. The tellurium precipi- 
tates and is filtered, washed, and melted, the bars containing about 99.7 Te, 0.07 Se, 
and 0.03 Cu. 

For the recovery of selenium from acid-chamber residue and similar material of 
the sort, the process originally introduced by the author of leaching these residues 
with sodium chlorate and hydrochloric acid can be used. After filtering these solu- 
tions, the selenium is precipitated by sulphur dioxide. If tellurium is present, it is 
not precipitated by sulphur dioxide if the strength of the hydrochloric acid is up to 
50 per cent., If tellurium is present, it can be recovered after the selenium has been 
filtered off by diluting the solution and allowing it to stand. 

The selenium precipitate is washed and dried, then either powdered, or melted in 
enamelware pans and cast. 

The leaching operation is most conveniently carried on in stoneware tanks, the 
precipitation either in stoneware jars, or, even better, in barrels painted with P. & 
11. paint. The precipitation should not be carried on too fast or the precipitate will 
occlude sulphuric acid, which oxidizes the metal during drying and melting; nor should 
the precipitation be from too concentrated a solution or a purplish-black modification 
will result which is very hard to dry and very difficult to mi'lt. 

The compounds of selenium are analogous to those of sulphur. The hydride, 
HjSe, is worse-smelling than the sulphur compound and more poisonous. A bubble 
of the pure gas is said to have paralyzed for 6 months the olfactory nerves of its dis- 
coverer. It forms SeFj (soluble in HF, hydrolyzed by H 2 O); SejClj, SeCU, SesBr., 
SeBr<, Scjls, Scl<, and various complex chlorbromides and oxyhalides. It forms 
SeO: and SeOs, which arc the anhydrides of corresponding acids. Selenic acid is 
vinallccted by SO 2 or H 2 S (differs from selenious acid in these particulars), but is 
slowly reduced by boiling concentrated hj'drochloric acid. Barium selenate is com- 
pletely decomposed by hydrochloric acid, as is also the tcllurate, thereby differing 
from barium sulphate. 

lleactions of importance from the metallurgical standpoint, in addition to those 
given above, are: The amorphous-powder modifications are soluble in potassium 
cyanide, forming KONSe. Tellurium is insoluble (this gives a method of separation). 
'I'hose amorphous modifications precipitated at low temperatures are soluble in carbon 
disulphide, but those precipitated at or heated to high temperatures are not soluble, 
nor is tellurium. Both selenium and tellurium go into colloidal dispersion when 
healed with strong sulphuric acid, the beautiful purple produced by tellurium being a 
charnel eristic test for it. The metals again precipitate on cooling or dilution. If, 
however, the healing is carried on long enough, the metal is oxidized, forms sulphates, 
and is no longer reprecipitated on cooling or dilution. 

Both selenium and tellurium and their compounds when heated with an alkaline 
carbonate and carbon form alkaline selenides and telluridcs which are decomposed 
by the passage of air through their solutions. This is the process introduced by A. E. 
Knorr for the recovery of tellurium from high-tellurium flue dusts. 

NajCOj -b Tc -I- 2C = NajTe + SCO 
2NajTe -f- O 2 -b 2 H 2 O = 2Te -b 4NaOH 

Metallic selenium has a specific gravity of 4.8 and melts at 217°C. The specific 
gravity of the vitreous modifieation is 4.28 and of the amorphous about 4.20. A red 
crystalline modification has a specific gravity of 4.47 and seems to melt between 170 
and 1S0°C., but passes over quickly to the metallic modification and solidifies, giving 
out 55 cal. per g. Selenium boils at 080°C. at 700 mm., at about 310°C. at low pre.s- 



G94 


NONFLRROUS METALLURGY 


sures It burns m air with i blue flame, forming SeOj, but the reaction requires 
external heat to maintain it Above 250*C it unites with hydrogen, more quickly as 
the temperature la rnised 

The chief use of Belcniiim m tonnage is oa a coloring matter for rubj glass It is 
also used in electrical devices such as automatic light controls, etc , where its varying 
conductivitj under varying illiimmatioii la of use, but the weight used m a selenium 
cell 13 almost negligible * 

Tantalum — llie metal is usual!} prepared from tantalite, the most important of 
the tantalum minerals The finally puKerired tantalitc is fused with potassium 
hydroxide converting the tantalum and eolumbium to soluble tantalate and colum- 
bate The melt is then dissolved in water, and after filtration the solution ii neu- 
tralized with h}drofluonc acid, converting the ooliimbatc and tantalate into double 
fluorides with potassium (If sodium hydroxide is used, the sodium tantalate and 
columbate that are formed are not soluble ) After ncutrabzation with hjdrofluonc 
acid, the potassium-tantalum fluonde, KjTwFt, precipitates and can be punfled to 
any desirable extent by rccrystalhzation The columbmm forms a pofassmm- 
coliimbium oxvfluoride, KsCbOFi H»0, which is fairly soluble m water and m dilute 
hydrofluoric acid 

Tantalum pentoxide can be formed by treating the potassium tantalum fluoride 
with twice Its weight of concentrated sulphuric acid at about 350T for 2 to 3 hr to 
dnxeoS alt the hydrofluoric acid Tlic resulting solution is amber colored, and when 
this IS poured slowly into boiling water il is hydrolyzed and dense white insoluble 
tantalic acid is formed The precipitate should be washed with hot dilute sulphune 
acid, then with water, and Altered If tins precipitate is dried at 120*C foreereral 
hours it can be powdered roaddv Ignition of the powder at 1000*C yields TssO». 
This oxide is reduced tn vacuo, which produces the metal 

An alternative method based on the )n«olubibty of sodium tantalate is based on 
the fusion of tantalitc with sodium hydroxide The addition of a little sodium car- 
bonate to the melt lowers the melting point greatly The concentrate should be 
ground to about 100 mesh and added a little at a tune to the fu^ed alkali It H 
Myers and Dr J Neill Greenwood, of the Unnersity of Melbourne, state that the 
optimum mixture is ground ore 1 port, caustic soda 2 7 parts, and sodium carbonate 

0 3 parts * Ihe mixture can be melted in iron crucibles, and iron rods used to stir it 
A final fused temperature of about S00*C must be reached 

The melt is poured on a clean iron or steel plate and allowed to cool m a thin layer 
and broken up while still hot It is then lieateil with hot water, and after the lumps 
have completely dismtcgratetl, the suspension is set aside to cool to room tempera- 
ture The strong alkaline supernatant solution attacks filtering media, so it should 
be decanted from the msoliible roalter, which is then w ashed w ilh cold water The 
insoluble residue is mainly sodium tantalate ancL«idtuiu columbate together with iron 
and manganese compounds The method has the advantage on low grade ores of 
removing most of the sdica, most of the tin, and practically all the alummuin as 
silicate, stannate, and alummate, together with some of the titanium, as titanate 

The insoluble residue is then heated to boiling m suspension m hot water, and 
sufficient concentrated hy drochloric acid added to decompose the sodium salts g vmg 
insoluble columbmm and tantalum pcntoxidc, with sodium, iron, and manganese 
chlorides in solution These oxides are separated by solution in hy drofluoric acid 
and are then fractionally separated as indicated earlier in this section 

> For laboratory testa for impurities m wlmiiim and for select methods of selenium assay referenee 

should be made to Lenhih 'Victor Oceurrenee Chemistry and Uses of Selenium snd Telluriuin Trom 

1 I if E , New York meeting February 1923 

‘Free Auitralaiian In$l Mining Mti No 12«l new series March 1043 p 43 
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According to French patent 834104, columbium and tantalum can be reduced by 
calcium carbide. Selective reduction is possible by using an insufficient amount of 
carbide to precipitate both metals. The columbium is reduced first. 

Columbium pentoxide can be reduced with carbon at atmospheric pressure at 
temperatures above 1660°C. The metal can also be prepared by mixing eolumbium 
oxide and columbium carbide in stoichiometric proportions as powders and pressing 
the mix, then heating it at a temperature below but close to the volatilizing point of 
the oxide. After the reaction is complete, the temperature can be raised and a fused 
metal results.^ 

Tantalum is not attacked by aqua regia or nitric or hydrochloric acid, either 
hot or cold. Solutions of caustic alkalies do not attack it. It is slowty attacked 
by boiling concentrated sulphuric acid and bj' hydrofluoric acid. It is rapidly 
attacked by a mixture of nitric and hydrofluoric acids. When tantalum is heated 
in air, the surface becomes blue at about 400°C., and at a somewhat higher tem- 
perature nearlj”- black. Above a dull-red heat the white oxide is produced and the 
metal gradually burns. The metal combines readily at elevated temperatures with 
hydrogen, nitrogen, and chlorine (the last producing the volatile pentachloride). The 
metal is tough and highlj’’ ductile and malleable. 

As an electrode the metal is of interest. Gold or platinum may be deposited 
on tantalum and removed with aqua regia. If two plates of bright tantalum are 
immersed in an electrolyte and a direct current passed, film forms on one plate in a few 
seconds and the voltage drops. With sulphuric acid of the strength ordinarily used 
for electric storage batteries, the current is less than 1 milliamp. with a voltage up 
to 75. 

If a tantalum and a lead plate are placed in an electrolyte and an alternating 
current passed, the current in one direction is shut off and a pulsating direct current 
obtained. Hydrogen gas is given off at the tantalum plate. 

Tantalum has a density of 16.6; atomic volume of 10.9; tensile strength, small 
wires, 130,000 lb. per sq. in.; compressibility per kilogram per square centimeter, 
0.50 X 10~'; Young’s modulus of elasticity, 19,000 kg. per sq. mm.; melting point, 
2850‘’C. (?); specific heat, 0.0365; linear coefficient of expansion per degree 
centigrade, 7.9 X 10“'; thermal conductivity, calories per cubic centimeter per degree 
centigrade, 1.30; electrical resistance (annealed), microhms per cubic centimeter at 
15°C., 14.6; electrical coefficient of resistance, 0.00335 per degree centigrade. Dis- 
covered in 1802 by Eckeberg; named for Tantalus. 

Tellurium. — The presence of this element was suspected by Muller von Reichen- 
stein in 1782 in a sample of gold ore from Austria, and was isolated in 1798 by Klap- 
roth. It is of common occurrence as sylvanite (gold telluride), particularly in 
Colorado. 

The metallurgy is intimately connected with that of selenium and reference should 
be made to what has been said on that metal (pages 692 to 693). 

Tellurium is a silver-white metal, atomic weight, 127.5; melting point, 452°C.; 
boiling point, 1390°C. (760-mm. pressure); density, 6.2; tensile strength, 115 kg. per 
sq. cm. 

It is used as a crystal detector in radio work, as a coloring matter in glass and 
ceramic trades, and, in the form of diethyl telluride, is an antiknock compound in the 
internal-combustion engine, and is a valuable reagent for the removal of cobalt from 
electrolytes in the Tainton procc.ss.= 

It unites readily with chlorine, forming TeCU and TcCb, and with oxygon, forming 
TcOj and TeOs, which form acids H-TeO, and H.TeO,, analogous to sulphurous and 

• Balke, C. W., Ind. Eng. Chem., June. 1923. p. 560. 

* 103S. p. OSS. 
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sulphuric, except that telluroiis atid m more stable and telluric acid less so than the 
sulphur analogues 

It IS a brittle crj stallmo-structurwi metal, tarnishing slowly in air, but less so than 
lead Its compound with hydrogen, HiTe, has a frightful odor It is peculiar ui 
that it 13 eliminated almost entirely from the body as methyl telluride, via the lungs 
givmg a garlic odor to the breath 

Tellurium combines readily with many metals when heated The telluride of 
aluminum can be formed by dropping tellurium into molten aluminum This tellu 
ride IS an interesting substance, decomposing with water to give aluminum hydroxide 
and hydrogen telluride, which is highly poisonous and almost intolerably offensive 

Magnesium telluride is similarly formed, with explosive violence In general m 
making selenides and tellurides bj addition, a mask and goggles should be worn 

Terbium, found chieflj in gadolinitc, belongs to the Sm Nd Gd Pr group The 
mam difficulty is to free it from holmium and djsprosium Its bromate is more 
soluble than theirs, its nitrate and chloride less so Its name is derived from \ tterby 
near which town gadolmitc was first found Terbium oxide is bla< k * Crookes 
original element ' ionium, not the radium decomposition product seems to have been 
terbium 

Another separation is by theerystallizationof the dimethyl phosphate * Sccunder 
Dysprosium It is also said that terbium can Iks oxidized by KClOi to lliOi and can 
thus be separated from all other earths but Pr * 

Thallium is chicfl} found in acid plant flue dust, its extraction dependiiiR on 
the solubility of the sulphate and sparing sotubilit) of the chloride It is also fo in 1 
m the residues from the purification of Cd The flue dust is boiled w ith dilute H<S0i 
in wood or earthenw are containers, filtered, and HCI added llic precipitate is dis- 
BoUed m HiSOt and thallium again thrown down Salt can be used mstead of HCI 
The ZDctnl can be obtained by fusing tbc chloride cautiously with KCN and NajCOi 
or it can be reduced by zinc and melted in an inert gas but A Kolhker* says the metal 
on washing quickl} oxidizes and then dissolves, affording an easy separation from 
other in>.ta\s The metal is highl> toxic, probabl) ranking next to metcuiy among 
the elements The metal melts about OT1*C Mhile most authonties say that 
TliOi dissolves readily in HCI, this seems very doubtful 

Thalhum is one of the few metals whose lower oxide is more stable than the upper 
Its binary allojs vnth lead have a decidedly higher melting point than has either 
constituent, indicatmg possibibties in their use as insoluble anodes* and for acid-chsm 
ber linings Lead thalbum and lead>tbalbum tin alloj s also have theoretical possi 
bilities as high temperature solders 

Thonum — Atomic weight, 23215 melting point about 1800’C The principal 
commercial mmeral carrying thonum is monazite, although small quantities of 
thoriamte and thonte have been used commercially These latter minerals however 
are hmrted in quantity Monazite is composed maml) ol phospbalea ol tbe ctrwwv 
and lanthanum earths together with a variable percentage of thoria Its specific 
gravity is 4 8 to 6 5, and its color varies from jellow-gold to reddish brown and 
occasionally even dark brown or black Monazite occurs in certam gneissic and 
granitic rocks, but the actual commercial deposits which are w orked are alluvial The 
prmcipal sources are Brazil and India, although the mmeral has been mmed success 

*For*generalte»uin«oftlie-worltontCTbium»ee«rt<:IeBbyUaflAt!i G Chtm Nemi tol 100 P 73 
CA«tn Zta Vol 33 p 745 

’Prandtl anorp Chm Vol 238 p 22o 1938 

•Anpeto CAem Voi 62 pp 536 S37 Its valences are said to be 3 and 4 

<Chtm ZIg Vol 43 p 231 

* An alloy eapecimented 'yith by Dt CoUa G Fuvk and b gbly lesislant in *cid sulphate aolut on' 
eontaimng both HNO» and HCI was Ph 70 Sn 20 Tl ID per cent 
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fully in the United States, in the Carolinas, Idaho, and Florida. It has been found 
in S'vitzerland, Africa, and Australia, and to a limited extent in river rocks and placers 
in Ekaterinburg, Russia. 

Monazite is usually found in gravels of small streams and in bottom lands. In 
Brazil and India it occurs mainly in the beach sands of sea water. It is found in 
small crystals in gneiss, granite, and pegmatite rocks. As these rocks become disinte- 
grated the crystals arc washed into the creeks and streams and, together with other 
heavy sands, are deposited in the beds of watercourses. On the coast of Brazil the 
monazite from the crystalline rocks of the coast mountains is concentrated in the sea 
sands by the waves of the sea. The bulk of the monazite in Brazil is found in the 
states of Espirito Santo and Bahia. In India, the main location is in the Travancore 
district in southern India. The deposits of the Carolinas in the United States cover 
an area of several hundred square miles east of the Blue Ridge Mountains. Prac- 
tically all the monazite mined in the Carolinas is derived from the gravel in the 
streams and bottom lands, the miners usually following the course of the streams and 
creeks. The gravels vary greatlj' in thickness; in general, thej^ are between and 
2^2 ff- thick. Monazite is also found in Florida. 

Extraction from the Ores. — The methods of treating monazite for the production 
of thorium nitrate arc more or le.ss .secret and arc changed from time to time, depend- 
ing upon conditions, costs of chemicals, etc. The general principles of the commoner 
method Used before the First World War are as follows: The mineral is heated in cast- 
iron pans or pots with about twice its weight of concentrated sulphuric acid, until the 
monazite is completely decomposed, giving a white mass of sulphates, which arc largely 
insoluble in the acid. This mixture is run into cold water in a lead-lined vat and the 
whole stirred until solution is complete. The material is allowed to stand for a consider- 
able period in order that the insoluble matter, consisting of silica, zircon, rutile, and other 
minerals insoluble in concentrated sulphuric acid, may settle out, and the solution 
that contains the rare earths, phosphates, etc., is decanted off. It now the free acid 
is partially neutralized so as to reduce the acidity, thorium phosphate is precipitated 
first, because it is less soluble than the phosphates of the other rare earths. The 
thorium phosphate still carrying quantities of other rare-earth phosphates is filtered, 
dissolved in a minimum amount of acid, and the fractional precipitation repeated. 

One method of still further purifying the precipitate is to boil it with oxalic acid,* 
which causes the thorium to be precipitated as thorium oxalate, while the phosphoric 
acid remains in solution. The precipitated oxalates are digested for a prolonged 
))criod with sodium hydroxide, and the hydroxides formed arc dissolved in hydrochloric 
acid. If the acid solution is then carefully treated with sodium hydroxide, until about 
one-sixth of the bases have been precipitated, thorium hydroxide will be precipitated 
before the other hydroxides. Baskerville has suggested the volatilization of the 
phosphoric acid by mixing 1 part of monazite with 1.1 parts of petroleum coke, 0.8 
parts of lime, and 0.15 parts of fluor spar, and heating in an electric furnace. This not 
only removes the phosphorus, but also gives the latter in a marketable form. Further 
purification of the thorium hydroxide may be carried on in one of several ways. The 
oxalate method depends upon the fact that thorium oxalate forms a double salt with 
ammonium oxalate, which is soluble, while cerium oxalate is almost insoluble. The 
carbonate method is based upon the fact that thorium carbonate forms double salts 
with the alkali carbonates, which arc soluble, whereas the double salts of the cerium 
earth oxalates arc insoluble. The sulphate method depends upon the fact that certain 
hydrated sulphates of thorium possess a considerable difference in solubility from the 
bulphatcs of the cerium earths. This fact is used ns a basis for fractional ctystalliza- 
fion. Whichever method is used, after the thorium is sufficiently purified it is con- 

'.toiir. 1‘h'js. Chem.. Vol. 20. ji. GUI. 1016. 
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verted into thorium carbonate or hjdronde and diasoh cd in nitric acid and the solu- 
tion evaporated until thorium nitrate, lh{lVOi)« 4HiO, crystaUires out After the 
beginning of the First World War, owing to the greatl} increased costof certain chemi 
cals especially oxalic acid, conaidcrablcmodifications were necessary in the processused 
for treating monaritc sand Uiew changes in practice liavo been kept secret, but 
consist essentially in combinations of the methods desenbed above 

In a British patent' the following method is desenbed The crude thorium phos- 
phate 13 boiled with caustic and then di3s<A\cd in auJpliuric acid Thonum fluondc 
IS precipitated by hj drofluonc acid and dissolved m sodium bicarbonate Thonum 
hvdrate is precipitated by caustic soda, converted to sulphate, and erj stallised The 
sulphate crystals are converted to hjdratc with ammonia and the cjcle repeated 
Ihe thorium is finally converted to the nitrate 

Tlie element mesothonum, a radioaclnc product of thonum and hence a con 
stituent of all thonum minerals, deserves mention, since it is now being recovered as a 
by product in the refinmg of monazite * Banum clilonde (0 2 per cent of the weight 
of ore) 13 added to the ore, and then sulphuric acid After dilution, the slimes con 
taming the mesothonum and barium sulphate are decanted from the coarse residue 
settled or filtered out of the solution and treated for the further concentration and 
rcco\ery of the mcsolhoriiim 

Concentration Methods — ITic first stage of ronccntrsfion m (he Caruliii'Vi 
iiivohes the uso of oscillating tables or sluitc Inixrs Ihc (oiupiitrates producal 
III thi gluico boxes contain 20 to CO per cent monazitc J he crude conrciitratrs niuit 
bo furtiicr refined, and arc best treatctl by electromagnetic separators, of whiih tlio 
W cthcrill t^ pc lias proved to be the most successful * Jlie separation of the inmcraU 
IS dependent on the difference in their magnetic permeabihtv The magnets arc best 
adjusted so that the first pole of the first magnet removes from the sand the highly 
magnetic material, as for instance the magnetite and lUcmannite, the second pole 
of the first magnet extracts the garnets and al«o the finer grams of the ilsemaniute, 
the third magnet (being the first pole of the second magnet) remotes all the coarser 
grams of the monazite and the last pole extracts the finer grains of the monante At 
the end turn of the rubber belt of the machmc, the residues are dropped into a recep- 
tacle ^ The grade of the concentrates obtamed from the different large sources of 
supply varies considerably The average concentrate obtamed in the Carohaas was 
about 3^ to 4 per cent thorium oxide, whereas that obtained from Brasil averages 
around fi per cent It was for this reason verj largclj that the industry in (lie 
Carolinas was ultimately given up The monazite from India has even a higher grade 
than that from Brazil averaging around 9 per cent thorium oxide, and some of it 
going still higher 1 concentrate of this tj pe carries about 27 per cent cerium oxide 
29 per cent lanthanum and allied oxides and 2 to 4 per cent yttna and allied oxides 
Ji .s}3t? jtfvsAaOTj sbaat 2& per cent phaspbacvi sard 

Metallic Thonum — The metal has probably not yet been prepared m a perfecfly 
pure state Reduction of the oxide with magnesium is nev cr complete, and attempts 
to reduce with carbon give a mature of the metal and carbide Moissan and Homg 
schmid heated the purified anhydrous chloride w ith Eodium m a sealed glass tube and 
obtained a product that was said to contain onls 3 per cent of the oxide The amor 
phous metal is a dark gray powder of specific gravitj U 3, and when hammered and 
strongly heated it has a densitj of 12 16 It burns readily m air, and melts at about 
1700°C , although the pure metal would probably melt at a higher temperature 

> BnUsh patent J79399 
I Cl 5 Bur 3f»n«« Tech Paper 265 
» Gvntbsb Electromagnetic Ore Separation 1909 
‘KlTBit, u s Bur jl/in«Tcci Paper 110 
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Uses of Thorium. — The main use of thorium is in the incandescent gas-mantle 
industry. The successful use of incandescent gas mantles began in 1893 when Wels- 
bach patented the use of a mixture containing 98 to 99 per cent thorium oxide with 
1 to 2 per cent cerium oxide (English patent 124 of 1893). With this mixture the 
oxides give a brilliant light and have a maximum illuminating power. The cerium 
oxide is probabl 3 ’’ in solid solution in the thorium oxide.i Thorium oxide is a verj' 
poor heat conductor and hence can be raised to a high temperature. Tlie small 
amount of cerium oxide gives enough color for efficient light emission. An outline 
of the methods used for obtaining mantles is as follows; The mantle itself is made 
either of ramie fiber or of artificial silk. The woven mantles arc thoroughly washed 
in a 2 per cent solution of nitric acid, distilled water, and then in dilute ammonia. 
The latter is thoroughlj' washed out by distilled water. The mantle is dried in a 
current of hot air and then dipped in a solution of thorium and cerium nitrates, con- 
sisting of 99 per cent thorium salt and 1 per cent of cerium. 

Small quantities of berjdlium or magnesium nitrate are added for strengthening 
purposes. The upright mantles are then fitted with an asbestos loop by which they 
are suspended, whereas the inverted mantles are fixed to a supporting ring. Those 
portions on which there is especial strain are sometimes treated with a thorium solution 
containing much larger proportions of calcium, aluminum, or magnesium salts. The 
mantle is then shaped and burnt off from the top downward bj" applying a Bunsen 
(lame. During this process of burning off, there is considerable shrinkage. As soon 
us the carbonization is finished, the mantle is shaped and heated with low-pressure 
burners, after which it is hardened bj’ heating in a high-pressure burner. The mantles, 
now consisting of nothing but the ash skeleton, are immersed in a collodion solution 
containing collodion, ether, camphor, and castor oil. The ingredients may varj’- to 
some extent. After drying at a moderate temperature, the mantles are ready for use. 

Thulium. — Thulium was discovered in 1879 by Cleve, when he was attempting 
to find out what gave the rose color to the salts of “old erbium.” He named it for 
“Thule,” an old name for Scandinavia. It is among the most soluble of the double 
nitrates. (See scheme on page G81 for its separation.) In solution with cerium and 
.yttrium only, it is completely separated from them bj' precipitation with HjSiFc. 

Titanium. — The chief commercial source of titanuim is ilmenite, from which it is 
recovered by dissolving in concentrated sulphuric acid and then adding sodium 
chloride to the concentrated sohition to throw down sodium-titanium sulphate. 

Alkaline hj’droxides or c.arbonates prccipit.alc titanium hj'droxide from solution, 
a bulkj^ gelatinoAis precipitate. The metal can be produced from the oxide by the 
'rliennit reaction. 

The Carterct-Dcvaux process for the production of the, metal is to reduce ore at 
rod heat with coal, then to heat the reduced mass with chlorine gas at graduall.v 
increasing temperatures, distilling off succcssivelj' iron, silicon, and titanium. 

In the preparation of pure titanium from the chloride Maurice Billy recommends 
sodium hydride for the precipitant.- TiCli + 4NaH = Ti -f 4NnCl -f 2 H 2 . The 
purified oxide can also be reduced by heating in a current of hj-drogen gas. George 
F. Comstock’ says that TiOj can be succcssfullj' reduced bj’ Ka and Ca, but not 
1)}' Al. TiCU can be reduced bj' Mg in an atmosphere of argon. 

BiUj- states that bj’ reducing titanium dioxide with titanium it is possible to obtain 
the following: 

Between 700-S00'’C., a blue oxide, TijOt. 

Between 900-1000°C., a violet oxide, Ti;Oi. 

' White and Travehs, Jour. Soe. Chem. Ind., Vol. 21, p. 1012. 1902. 

5 .Ann. cAtm., July-Aupuat, 1921. 

> MttaU tt- Vol. 9, pp. 280-290, 314-318, 193S. 
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Bctwppn 1 100-1200°C , a bhck oxulc 1 iiO« 

Betwppn 1400-1500'C abrownoudc hO 

Titani im tctnclilonde is an important amoke-screcn compound through its 
hydrohsia with the water \apor of the air 

Titanium is important as an alloj metal for permanent magnets, using 15 to 30 
percent 1 1 1 to 5 per cent Mn 0 6 to 1 2pcrcent C , with or without 2 to u per cent or 
(■ r Slot 1 b containing 10 to 30 percent ( r, 5to 12per cent Ti and 3 to 5 per cent Mo 
are s iid to be highlv resistant to corrosion 

1 Itanium is brittle when cold but can be forged at rid heat feo far it has prosed 
impossible to draw it into awre It vs mtCTCstinK that m the iron blast lurnare 
titaniferous ores give copper colored cubes of Ti(C\)i 31i|N» in the slag 
Victonum — A metal reported bj Crookes apparently gadolinium 
Ytterbium — See Europi im above 

Yttrium — This metal forms a soluble double alkali sulphate and is among the 
more soluble double nitrates (e/ pages 681 and 682) Probably the best separation 
from the other members of the jttrium group (Dj, IIo Fr, Tm Yb and Lu) is the 
classic fused nitrate method (see page CS2), but fractional precipitation as the 
lobalticyanide or as the nitrite (using KjCo(CN)« for the precipitant with the first 
and NaNOj for second! gives fair separations Tlie \t remains in solution frar 
tional precipitation with potassium chromate dors not remove erbium or holmmm 
the mtnto docs 1 ttnum mixed metal can lie produced bv decomposing the anhv 
drous chlorides in lacuo w ilh sodium or hj elcctrol>8H of the mixed chlorides It u a 
blue gray color and dis ntegrates m time to powder e*pccia11> if exposed to moist an 
The element derives its name from the Swedish town of ^ tterb> Atomic weight 
88 92 melting point about 1490”C 

Zirconium can be produced by the reduction of ZrCJIt with metallic sodium It 
alloys well with Ni (Si Au \\ Mg and W The oxide ZrOi becomes practieallj 
insoluble on strong ignition in every acid except hydrofluoric, and doubtless the eon 
dieting statements as to solubility mcrelv reflect differences m ignition temperatures 
The specif c gravity ot the metal is about 6 4 

BruJre and ( hauvrnet say there is but one nitride (Zr»N 4) In reducing atmos- 
phere the oxide has a strong tendency to form carbides 

It IS said that a pure ZrO, can he obtained by heating xircon with 1‘sJ times its 
weight of carbon to wlutiness then treating with dilute sulphuric acid and filtering 
ZrfSOdt li m solution 

The acetate la ippjrcrilly a hydrophilic colloid * It is aoluhle in water in all 
nroportioiis < an bi s died from its nqiieoiis aohifiona hke soap and when shaken tl e 
•iolutioii lathers quite frcolv I vapnmtioii of the solution cau'ca no cry stalhration 
but results in an amorphous mass resimhlic g jn latin Solution of tl c residue from 
this evaporation takes place very much after the manner of the solution of gelatin 
with first a sw elling and softenmg and then a gradual dissemination of this gel through 
the liquid It is m the exploitation of these peculiar properties of the zireoiuuni 
compounds that the most important mdustrial applications may yet be found The 
hydroxide is a strongly adsorptive compound 

Salts of the metal hydrolyze stronglv, and Ilodd* savs no normal salt exists m 
aqueous solution Also the extent of the hvdrolysia seems to depend on the method 
by which the salt was prepared 

Zirconium is precipitated from its weakly acid solutions by sodium thiosulphate 
The phosphate precipitates in strong mineral acid solutions but the precipitate is 
difficult to wash and can be broken up only by fusion with caustic soda 
' Nonaiiaser C/iem. Afrf £np Jul^ 28 I#**! 

Vol 111 n 396 1317 
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Por extracting ZrOz from the ores, Marden and Rich say that for eonnnercial 
extraction the best method il to heat 1 part of ore Avitli 4 parts of concertrated sul- 
phuric acid until fumes have ceased and then raise the temperature to 650°C. After 
cooling, extract with 50 parts of cold water and filter, then add soditim carbonate until 
Zr(OH)< just begins to form. Allow the solution to stand 3 or 4 days, during which 
4Zr02.3S03.14H20 will gradually settle out. This is ignited to give ZrO^.^ 

Another method recommended for the treatment of zirkite is to sift 100-mesh 
material into a fused mass of 3 parts sodium carbonate and 3 parts sodium hydroxide. 
Fuse for 1 hr., cool, crush, and leach with hot water. The washed residue is then 
digested with 1:1 HCl and the solution filtered. Neutralize with soda ash as far as 
can bo done without precipitation, and pass SOj into the hot solution. 

Zirconium melts about 2800°C., above Mo and close to Ta.= The melting point 
of the oxide is given anywhere from 25fi0 to ox^cr 3000°C. If the metal actually melts 
at 2800‘’C., the higher value for the melting point of the oxide would seem correct. 

A. J. Phillips’ says the best way to produce ZrCR is to bubble Clo through hot water 
and then pass the moist gas through a retort heated to about 500°C. and filled with 
small balls of zirconia and petroleum coke. The following table of chlorination 
temperatures is given. 


Citl.ORINATION BT MIXTURES OF Cl.2 AND CO 



CO in excess 

Clj in excess 

ZrOi 

1 

480 

425 

SnOj 

400 


MgO 

475 


AUO, 

450 


FcO, 

460 

370 

CfsO) 

625 


MnO, 

460 


U.O, 

500 



Treatment of Platinum Concentrates. — In general, the recovery of the platiiium- 
group metals is based on their solution in aqua regia and their recovery as double- 
ammonium chlorides. 

In the treatment of crude platinum concentrates, the first step is a 24-hr. leaching 
with 3 1. of 20°Be. hydrochloric acid and 1 1. of 3.5°I3o. nitric acid per kilogram of 
platiniferous material, keeping the mass (held in porcelain vessels) at 80°C. Tlie 
insoluble residues from several portions thus treated will ordinarilj' be combim’d and 
treated again in the same manner for the recovery of further platinum. Tlie. insolubie 
residue from this re-treatment is eventually treated for the recovery of iridium and 
osmium (see pages 702-703). 

The solution is decanted from the insoluble residue .and evaporated witli the 
addition of about 1 1. of hydrochloric acid to each 0 or 7 1. of first solution. 'I’he 
evaporation should be carried to 140 or ISCC., in order to alter the iridium to such a 
form that it will not precipitate with the platinum in the next step. 

Redissolve the evaporated mass in hot water, and allow to stand for a few hours. 

* J'our, Tnd, Eno. Chrm., Vnl. 12, ji. Ool. 

’ Coorr.u, Hcaii S., Joiir. .4m. EUctroehrm. Soc., 1023, p. 222. 

^ Jour. .Im. Ctrnm. Sne, 
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Usually a residue of gold and jdatinum will separate out This residue should le 
calcined, redissolved m aqua regia, and the gold throvfli down with HNaSOj after 
evaporation with additional hjdrochloric acid Terrous sulphate can also bo used 
rhe filtrate from the gold is added to the original platinum solution 

The platinum solution is then brought to 30®B6 (ordinarilj it will be stronger 
than that), and a 30 per cent ammonium chloride solution added, 2 1 of ammonium 
chloride solution per liter of platmwm solution, pourmg it in graduallj ith energetic 
stirring 

Allow to stand about 3 or 4 hr , not longer, or iruliutn will begin to separate, ard 
then filter oS the precipitate and wasli with 20 per cent ammonium chloride solution 
about 1 1 of wash solution bcuig used for each 21 of original platinum solution The 
precipitate should be canary yellow * 

The precipitate is dried in cniciblea and is then cakined about 8 hr at botneei 
700 and 800*0 , the heat being raised graduall> Fused silica ware w best for this as 
even 1 per cent of iron in a clay crucible conlaminat<>8 the material with iron The 
atmosphere should be strongly reducing 

The product of this calcination is know n as ‘ platinum moss ' It is crushed in a 
mortar and boiled in 1 5 hydrochloric acid to remove any adhering iron 

If the moss is to be used to produce an agglomerated mass of platinum it should be 
calcined at an even higher temperature, but the temperature given is sufficient if il 
is to be used for platinum salts 

Indium Recovery — \Mien the solution from the precipitation of pUtmum with 
ammonium chloride is left standing the indium at length comes dew nos (Mli)iIrQi 
This IS filtered, washed, dried, and calcined, giving indium moss The indium moss 
IS then treated with dilute (t « , 1 3) aqua regia, in which the platinum dissolves and 
indium remains insoluble The platinum solution goes back into the first stage of 
the process, while the decantate filtrate, and wash waters from the indium precipita 
tion are treated with zinc and sulphunc acid, or cast iron and sulphuric acid, throwing 
down all the heavy metals remaining m solution This precipitate is known as ‘fir«t 
blacks ’ See also the ‘ lead separation oo page 70-1 

This IS filtered over a vacuum, washed, dried, and put m a bone-ash cupd aad 
roasted in a muffle A treatment with 1 6 HjSOt will then remov e the copper, giv mg 
cleaned blacks winch arc washed by decantation 

The cleaned blacks are then healed with ddute {1 3) aqua regia, givmg Pt Pil 
and traces of Rh and Ir in solution, and Ir and Rh in the residue (insoluble blacks) 
.Nitrates are removed and the plalmum thrown down from solutions as was dis- 
cussed under Treatment of Platinum Concentrates, on the preceding page The 
platinum thus produced is mown as ' black platinum The filtrate contams lead 
rhodium, and iridium These arc thrown down agam with soft iron or zinc and 
sulphuric acid, the precipitate being known as "second blacks,” the second blacks then 
being roasted and cleaned with HO (1 3) and redissolved m aqua regia Lvaporale 
to a spongy consistency with addition of HCl to get rid of the nitric acid compounds 
then dissolve the spongy mass in ammonia water Add hjdrochloric acid to acil 
reaction, and jeUow (NHOiPdCl* should come down The filtrate carries rhodinm 
and indium, which should be added to the solution from the insoluble blacks * 

1 Tbotnas A« Wright saji the preeipxtste wiH become coat&nunated with palUdiuw on stand ag la'f 
will be reddish brown and that it ihould not etand orer 5 to 10 rmn Further footnotes s gned T A tt 
are by Mr Wright 

» To effect the precipitation of platiotim with Nn<Cl it is alnaj s necessary to remove completely 
the HNOi. Otherwise palladium and inditim are precipitated also Although pallsdiun when 
present in appreciable amounts is precipitated with pUtinum whether HNOj is present or absent in 
the last case it is one of occlusion Palladium forma two salts with NHiCl that of the higher state o 
oxidation being insoluble m excess of KHiCl that of the lower state of oxidation be ng soluble 
TAW 
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Treatment of the Insoluble Blacks. — The insoluble blacks are mixed with three 
times their weight of BaOj and strongly calcined in a coke furnace for 5 or 6 hr. 
Na202 may also be used, taking five to ten times as much as there is of the residue. 
It is best to use fresh Na202 containing little CO2. 

The mass is ground and dissolved in 15HC1:2HN03, using 4 1. of the mixed acid per 
kilogram of the mixture of blacks and barium peroxide. The solution should be feebly 
red. 

Evaporate in porcelain to dryness so as to render insoluble the silica which has been 
introduced by the barium dioxide treatment. Redissolve in hot water, adding a little 
of the 15HC1 ; 2HNO3 mix already used. Settle and decant, and wash the silica residue 
with hot water. 

The consumption of acids can be lessened by leaching the barium dioxide fusion 
with hot water, discarding the solution, and treating the insoluble residue with the 
15HC1:2HN03 mixture. 

Precipitate the barium in the solution with H2SO4 and filter off the solution. Heat 
the barium-free solution in porcelain on a sand bath, gradually adding NHiCl to 
saturation. Use about 300 g. of the salt per liter of liquid. After 3 or 4 hr. a purplish 
black precipitate of (NH4)2lrCl6 comes down. Filter and wash until the filtrate is 
only slightly colored. 

The filtrate contains rhodium. It is treated with zinc or iron and sulphuric acid 
to produce crude rhodium (“rhodium blacks”). 

Production of Osmium. — Melt the insoluble residues from the original platinum 
treatment with four or five times their weight of pure zinc, and then heat for several 
hours at a white heat to distill off the zinc. The fumes from this distillation contain 
osmium and .should not be inhaled. 

Powder the residue from tlus zinc treatment, and mix with three times its weight of 
Ba02. Pulverize the “moss” thus obtained. Wash and dry. k train of Wolff 
bottles is then arranged. The first has three outlets, one used to let in a mixture of 15 
parts HC1:2HN03, as required; the second is used as a steam inlet, and the third 
connects to the receiving train. In practice, this flask is large enough to contain 10 
kg. of moss; 15 1. HCl; 2 1. HNO3. The moss is placed in the bottle and the train 
connected, the acid in the above quantity admitted and steam then passed in, the 
bottle itself being heated. The receiving train consists of five bottles of the same 
size, in scries, the first three containing water, the fourth NaOH, and the fifth Na2S04. 
Osmium distills; iridium and ruthenium remain behind. 

The iridium liquor remainmg behind is precipitated hot with ammonium chloride 
as already described under treatment of the blacks. The ammonium chloriridate is 
washed, filtered, dried, and calcined to moss, which is cleaned with 1:3 aqua regia. 
Platinum and palladium that have been carried along this far will dissolve and can be 
returned to their appropriate place in the cycle. 

Take the solution of the osmium in water in porcelain, add NH4OH to alkalinity, 
and heat for IJ^ hr. Filter, wash, dry, and roast the precipitate to metallic osmium. 
IjOok out for the fumes, which are dangerous. 

Iridium-ruthenium Separation. — Reduce the ammonium-iridium chloride to 
"moss.” Bring a mixture of 3 parts KOH and 1 part KNO3 to a quiet fusion and 
slowly add 1 part of the moss by weight and hold at a dark-red heat for IJ-^ to 2 hr. 
Cool and treat the melt with cold water. Na202 can also be used and some consider 
it preferable. 

K2RUO4 dissolves; the iridium is practically insoluble. The ruthenium is then 
precipitated with zinc.' 

'Sec Jour. .Im. Chtm. Soc., December, 1923. Two articles by James Lewis Howe and associates. 
^CI)aration of ruthenium and solubility of certain of its salts. 
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Decani and the indium 'svilh wwlium cliionte unld sohiVion la no loiiRer rid 
Take the insoluble residue and clean it with \cr> dilute li>drorhloric acid and calcine 
\Aash with hot water and very dilute hvdrochlonc acid Strong hjdrochlonc acid 
carries indium into solution Give the in«ohihic residue a dead roast on tlie filter ’ 

fake the filtrates and wash waters from all the nho>c treatments and bring 
everything down as ‘ blacks ” l\ash and calcine, then dissolve in 1 3 aqua regia * 
This dissolves the platinum palladium, and gold* and lent es an insoluble residue of 
rhodium and ruthemum ITic gold w precipitated w ith sulphur diomde after e\ apo- 
ration with additional hjdrochlonc acid,* and the solution then treated with zinc and 
sulphuric acid, the precipitate, after calcining and cleaning with HCl, being almost 
pun palladium providing the onginal separations have been carefully made 

Melting of the Platinum Metals — ^Thesc metals are all best melted m a crucible 
made of quicklime w ith a cot er of the same material Platinum, like sili er, absorbs 
ft relatively large quantitj of oxvgen when molten After molting the platinum, this 
can be burned off bj reducing the oxjgen blast and allow mg an excess of gas to enter 
the furnace Palladium is still worse 

Lead Separation of Platinum and Indium • — ^The mefal is melted with ten time- 
its weight of pure lead m a covered graphite crucible, in which is also placed enough 
powdered wood charcoal to cover the melt about 1 in * The heating is conducted in a 
furnace and should bo continued at red heat for about 2 hr After the alloj has 
cooled, it 13 removed and the charcoal washed off The metal js then treated with 
successive portions of dilute nitric ainl (1 to 5) durmg 4 or 5 hr (it is well to let it 
digest overnight) The solution winch contains the lead And some platinum is 
separated by decantation through a filter the residue, containing indium and platn 
mim IS washed with dilute nitric acid and then with hot water 'fhe filtrate and 
washings are evaporated untd crjstals begin to form, then sulphuric acid is added 
until no further precipitation takes place a little more bring added to be sure of an 
excess Hio white prceipilale containing part of the lead os sulphate h removed 
b\ filtration and washed with hot water Ibc filtrate is cvaporattsl on a sand bath 
untd copious white fumes come off then it is cooM and water is added lie loll 
aolution IS filtered and the white residue containing the rest of the lead is washed with 
water 

The filtrates and wash waters arc evaporated just to drvness and are treated with 
hjdrochlonc acid after which the platinum maj be recovered ns ammomum ehlor 
platmate or bj precipitation with metallic tine and hvdrochlonc acid 

Die residue from the nitric acid extraction containing the indium and the rest of 

' It u difficult to wuli out the mthmiumnlU with eod um hjrochlonle and dunog theop*'^ 

tion ruthenium is >alatiliie J and lost The wsshmg la beet done by decantation as la filtenug through 
paper the latter becomes clogged bj rutbenmni reduced by the carbonaceous matter of the filter The 
ruthenium u better prec pitated with magnes om riU>on but keep the solution aeid or it inll b« d fScult 
to remo\ e the magneaium salts Always waab all plstiaum group metals precipitated aa a ich w th 
acidified water and in the case of both 6nel> dinded residues and precipitate >l is best to use paper 
pulp m filtering — T A W 

• Palladium u soluble with difficult) when osidiied Itehould bereduced after ealcining—'T A W 

• It also diasoUes sotcie rhodium Note thaS when findy divided fleshly precipitated and unit 
n ted and undned these metals are the moet readily atUeked wUh acids When compact or ehen 
Ignited indium ruthenium rhodium and osmiiiai sred fficultly soluble Thisis tbediat nclion which 
the literature very often fails to make therefore the cause tor so-called confiicting statements 01 
general interest also is the fact that rhod um is found in moat all of the aqua regia solut ons ruthenium 
and osmium rarely —T A W 

*Au precipitatea thrown down with SOi are eonUnunated with palladium and copper if the latler 
are present in any quantitj — T A W 

‘ From Methods for the Itecovery of Platinum Indium etc from Jewelers 'Waste I/J Bur Sfint* 
Tech Paver 342 

• A porcelain crucible coated with lamp black may be used — T A W 
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the platinum is treated for several hours with a mixture of 1 part nitric acid, 4 parts 
h 3 ’drochloric acid, and 9 parts water at a temperature of 80°C. It is well to let this 
reaction go overnight. The residue is filtered and washed with hot water and is then 
melted again with lead and treated as before to remove the small quantitj' of platinum 
that ma}’’ still be present. 

Osmium Poisoning. — The metal osmium must be handled with great precau- 
tions. It oxidizes slowly at room temperatures when finely divided or powdered, 
and the oxide appears to have a sufficient volatility at ordinary temperatures to 
make the presence of the powdered metal in the room poisonous to some people. 
The oxide melts at 40°C. and boils at about 100°C. It is highly irritating to the 
mucous membranes and to the ej'es. While the blindness (or in light poisoning cases, 
the intense smarting) is usually believed only temporary, and no permanent bad 
effects arc ascribed to osmium fumes, Schoeller and Powell state that the oxide is 
reduced to metal by contact with the tissue “and the metallic film thus deposited on 
the cornea produces permanent injury to the ej'esight.” Osmium fumes should, 
therefore, be kept as much as possible under a hood, and close-fitting goggles or a gas 
mask should be worn bj' an 3 'one exposed to them. 

OsOj reacts with hydrochloric acid of 1.16 sp. gr., but not with weaker solutions, 
forming OsCl<. 

Ruthenium. — R. A. Cooper* says that ruthenium fumes, like those of osmium, 
are hard on the eyes of anyone working with them. The RuOi begins to volatilize 
at about 600°C. 

A concentrated solution of RuO^ will dissolve with concentrated NH 4 OH to form 
gray-brown (NH^jjRuOs. RuO^ reacts with HCl of over 1.160 density to form RuCU, 
but docs not react with acid below that strength. 

It should be noted that the methods here given for the treatment of the platinum 
metals are essentially Tlie same as presented by Louis du Parc in “Le Platine du 
Mende,” referred to in Chap. XL 

^Jour, Cltem. ^fet. Soc. S. Africa, Yol, 22, p. 152, 1932. 



APPENDIX 


METRIC-ENGLISH EQUIVALENTS 


Length 

1 ft. = 0.30480060096 m. 

1 in. = 2.540005 cm. 

1 m. = 3.28083 ft. = 39.370000 in. 

Area 

1 sq. in. = 6.452 sq. cm. 

1 sq. ft. = 0.09290 sq. m. 

1 sq. yd. = 0.83613 sq. ra. 

1 sq. m. = 1.1960 sq. yd. = 10.764 sq. ft. 
1 sq. cm, = 0.15500 sq. in. 


Volume 

1 cu. yd. = 0.764559445 cu. m. 

1 cu. ft. = 0.028317 cu. m. 

1 cu. in. = 16.3872 cc. 

1 cu. ft. = 28.316 1. 

1 cu. in. = 16.3867 ml. 

1 cu. m. = 1.3079 cu. yd. 

1 cc. = 0.06102 cu. in. 

1 1. = 61.025 cu. in. = 0.035315 cu. 

ft. 


Mass 


1 lb. (avoirdupois) = 0.4535924277 kg. 

1 oz. (avoirdupois) = 28.3495 g. 

1 oz. (troy) = 31.10348 g. 

1 dram (5 =3 0, apoth.) = 3.887935 g. 

1 kg. ' = 2.20462234 lb. (avoirdupois) = 2.67923 lb. (troy) 

1 g. = 0.035274 oz. (avoirdupois) == 0.032151 oz. (tr 03 ’') 

= 15.4324 grains 


Capacity 

1 qt. (liquid) = 0.94633307 1. 

1 qt. (drj') = 1.1012 1. 

1 1. = 1.05071 qt. (liquid) = 0.9081 qt. (drjO = 33.8147 fl. oz. 

1 fl. oz. = 0.0295729 1. = 1.80469 cu. in. 

Noth. — 1 gal. (liquid) = 231.0 cu. in. 

1 bu. (dry) = 2,150.42 cu. in. 

11. = 1,000.027 cc. 


Energy 


1 bp. 

1 kw. 

1 ft.-lb. 

1 poundal 
1 gram’s weight 
1 pound’s weight 
1 hp.-year 
1 kw.-jT. 


= 0.740 kw. = 33,000 ft.-lb. per min. 

= 1.341 bp. = 1,000 joules per sec. 

= 1.383 X 10’’ ergs = 1.383 joules = 0.1383 kg.-m. 
= 13,825 djmes. 

= 980 dj-ncs. 

= 444,518 djmes. 

= 0,535 kw.-hr. 

= 11,747 hp.-hr. 
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NONI hltltOVS itLTALLVltGV 

iNTEnKATlONAL ATOMIC WeWHTS, 1013 


Chlonnt 

Chiotoiuta 

Cobsit 

Colutnbwi" 

Copper 

DyiprosiuRi 

Europium 

Fluonue 

Okdolmiutn 

Oallium 

Qermaniuin 

Gold 

Kolruum 

Helium 

Helveoum 


Iron 

Lanthanum 


Molybdenum 

Neodyiuum 


Al(13) 

Sb(4J) 

A(I8) 

4.03) 

0a{'*6> 

(ie(4) 
BK83) 
l<(S> 
Hr(3 >) 
Cd(«j 

CeCSS) 

r*(20) 

r(C) 

re{5S) 

CHIT) 

CK24) 
Co(2T) 
Cb«l) 
Cii«9) 
D} (CW 

Er(08) 

Cu(63) 

FW 

0>I(»4) 

OaO)) 

Ge(32) 

Au(?W 

im72) 

Ue{2) 

Hv(85) 

Hotel) 

HU) 

H(6I) 

In{49> 

1(53) 

I«U7) 

Fe{26) 

Kr(36) 

L»<57) 

Pbl82) 

UO) 

Ln(7I) 

Mg(12) 

JlntZ*)) 

Ms(43) 

Hg(80) 

Mo{42) 

Nd(60) 

Ne<l{>) 


se D7 
121 70 
39 9 


2t>>» 0 
10 62 
79 02 


o2 01 

58 04 

02 91 

03 57 
162 40 

167 2 
132 0 
10 0 
156 9 
69 72 

72 6 
197 2 
178 6 
4 003 


103 1 
55 85 
83 70 
I3S 92 


6 94 
174 99 
24 32 
54 93 


jcbem e<]Uit 


0 7478 

0 lllS 

1 7426 
1 3230 


3 8631 
0 2589 


Melting 

points 

de* C 


>3UW 0 
623 0 
-11)1 5 

1520 10 »e 
1010* 
1950-2200 
1083 0 


-223 0 
SO 1 


186 0 
6oI 0 


-38 87 
2550 0 
840 0 
-253 0 


2200 0 

2100 D 


2850 0 
2430 0 
-151 7 


'In those cases in which a metal has two valences the valence 
chemical equivalent and may not necewerily be the comtooner one 
•Sublimes • Commercial metal abont 1480*0 


corresponds to the electro- 
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INIERNATIONAL ATOMIC WEIGHTS, 1943 . {ConlillUcd) 


Element 

Symbol 

and 

atomic 

member 

'Weight 

Val- 

ence' 

Electro- 
chem. equiv- 
alents, g. 
per amp.- 
hr. 

Melting 
points, 
deg. C. 

1 


Nickel 

Ni(28) 

58.69 

2 

1.0951 

1452 ± 3 

2450.0 

Nitrogen 

N(7) 

14.008 

3 

0.1742 

-210.5 

-195.7 


Os (76) 

190.2 

4 


2700.0 

2950.0 

OxyKen 

0(8) 

16.00 

2 

0.2985 

-218.0 

-183.0 

Palladium, 

Pd (46) 

106.7 

2 

1.9903 

1550.0 

2540.0 


P(15) 

30.98 



44.1 

287.0 

Platinum 

Pt(78) 

195.23 

4 

1.8206 

1755.0 

2650,0 

Polonium 

Po(84) 

214.2 

4 

1.9586 



Potassium 

K(19) 

39.096 

1 

1.4590 

62.3 

667.0 


Pr(59) 

140.92 1 



940.0 


Protactinium 

Pa (91) 

231 






Ra(88J 

226.05 



1 900.0 



! Rd(86) 

222.4 

0 


-71.0 

-62. U 

Rhenium 

Re(7sj 

1 

: 186.31 

4 




Rhodium 

Rh(45) 

102.91 

3 

1.2797 

1940.0 

2750.0 


Rb(37) 

85.48 

1 


38.0 

696.0 


Ru(44) 

101.7 

4 


>1950.0 

2780.0 


Sa(62) 

150.43 

3 


1350.0 



Sc(2lj 

45.10 

3 


1200. 0(?) 


Selenium 

Se(34) 

78.96 

2 

1.4733 

218.5 

690.0 

Silicon 

Si(14) 

28.06 

4 

0.2618 

1420.0 

3800.0 

Silver 

Ag(47) 

107 .88 

1 

4.0245 

961.0 

1955.0 

Sodium 

Na(ll) 

22.997 

1 


97.5 

742.0 

Strontium 

Sr(3S) 

87.63 

2 

1.6333 

>Ca <Ba 


Sulphur 

S(16) 

32.06 

2 

0,5980 

122.8-119.2 

444.5 

Tantalum 

Ta(73) 

180.88 

5 


2860.0 


Tellurium 

Te(52) 

127.01 

2 

2.3803 

451.0 

1390.0 

Terbium 

Tb(G5) 

159.2 

3 




Thallium. 

Tl(81) 

204.39 

1 

7.6249 

302.0 

1700 . 0 '- 

Thorium ' 

Th(90) 

232.12 

4 

2. 1049 

>1700.0 <Pt 


Thulium I 

Tm(69) 

169.4 

3 




Tin 

Sn(50) 

118.7 

2 

2.2141 

231.9 

2270.0 

Titanium 

Ti(22) 

47.9 

4 

0.4490 

1795.0 ± 150. 

2700.0 

Tungsten 

■\V(74) 

183.92 

6 

1.1493 

3267.0 

3700.0 


U(92) 

238.07 

4 



3100.0 

Vanadium. 

V(23J 

50.95 



1720.0 ± 20 0 

Xenon 

Xe(54) 

131.3 ' 

0 


— 140 0 

-109.1 

Ytterbium 

Yb(70) 1 

173.04 

3 


1800 0(?) 

Yttrium 

Yt,(aq) 

88 92 

3 


1490 0 


Zinc 

Zn(30) 

G5.30 ' 

2 

1.2199 

419.4 

918.0 

Zirconium 

Zr(40) 

91.22 

i 

4 


1700.0(7) 







Note, — The hypothetical coronium, supposed to exist in the solar corona, has lately born shown 
to be highly ionized nickel, calcium, and iron, 

'In those cases in which a metal has two valences, the valence given corresponds to the electro 
chemical equivalent, and may not necessarily be the commoner one. 

* jUso given as I280®C. 
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Tji> Atowic 


(The arrangement u like that of a loganthmie table. ITie first figure of thcnum- 
bens given by column 1 , the second figure by the numbers at the tops of the column*) 



0 

1 

2 1 

3 

4 

5 

G 

7 , 

8 

9 

0 


11 

He 

la 

Uc 

B 

c 1 

N* 

0 

r 

1 

Ne 

Nft , 

Mg 

AI 

Sr 

P 

S 1 

Cl ; 

A 

K 

2 

Ca 

Sc ; 

Ti 

V 

Cr 

Mn 1 

Pc 

Co 

Ni 

Cii 

3 

Zn 

Ga 

Gc 

a\s 

Sc 

Ur 

Kr 

lib 

Sr 


4 

Zr 

Cb 

^to 

Ma 

Uu 

Kh 

Pd 

Ag 

Cd 

111 

5 

Sn 

Sb 

Tc 1 

I 

Xc 

Cs 

Ba 1 

La 

Ce 

Pr 

S 

N<i 

1 

Sm 1 

Hu 

Gd 

TJ> 1 

I)v 1 

Ho 1 

I'c 

1 Ini 

7 


Lu 

Ilf 

Ta 

W 

Kc 

Os 

Ir 

Pt 

All 

8 

Hg 

TI 

Pb 1 

Di 

ro(f) 

* 

Rd 

> 

lU 

At('j 

9 

Th 

Pa 

' ^ 1 









> Namerl nUioum by the diMovfren li 8 Uopluui J A- Harris and L. T YnUma. I robally 
Holla ■ fiorentium 

» Possibly h«lv«tium—Dt ^*Uh«» Minder 
• PoMibly Yittittiuw— Dt I 


I/gOIURRIOM CoNomONS FOR SUXFIIATES 


FcjfSOa)!^ 

Al,(S0d,5S 

2 CUSO 48 

2CuO S0»5a 

ZnSO,^ 

re,0, + 380i 

Al-O, + 3SO, 

2CuOSOi + SO, 

2CuO + SO, 

ZnO + SO, 

Temp* 

Milh- 

Temp- 

Mdlv- 

T«n|>- 

M>lb- 

Temp* 

Mdh- 

Temp- 

Mfllv 

eraturc 

meters 

eratufc 

meters 

eraturo 

meters 

crature 

metere 

eraturo 

mete s 

553” 

23 

572“ 

2S 

646“ 

43 

^^9 

62 

675“ 

5 

570“ 

33 

621“ 

51 

588“ 

55 

653“ 

98 

690“ 

6 

592“ 

45 

681“ 


015“ 

70 

086“ 

123 

720“ 

24 

814“ 

70 

702* 

ISO 

642“ 

08 

705“ 

139 

750“ 

01 

634“ 

113 

720* 

261 

665“ 

130 

728“ 

173 

775“ 

112 

650“ 

149 

731“ 

356 

700“ 

233 

745“ 

209 

800“ 

189 

G60“ 

182 

742“ 

480 

714’ 

324 

775“ 

298 



680“ 

286 

748“ 

692 

725’ 

460 

805“ 

542 



690“ 

401 



731“ 

047 





699“ 

560 
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Canadian smelting, 597 
carbonyl decomposition, 002 
carbonyl process, 005 
chlorine process for, 555, 605 
Coniston plant, 598 
direct-smelting to metal, GOO 
effect of, on copper, 274 
electrolytic recovery, 600 
electroplating, CIO 
Freeport Sulphur process, 604 
Hybinette process, 602 
International Nickel Co., 597 
malleable, 608 
mechanical properties, COS 
Mond process, 600 
Monel metal, GIO 
ores, 593 

oxidized ore treatment, 601 
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Nickel Port Colborne oi>erationa 599 
properties 607 
reduced. 600 

selective sulpl atizing 60o 
separation from cobalt 589 
smtenng ores 599 
starting sheet niannfaetur* COO 
sulphur dinnide leschmc COO 
top-and bottom smeillng uJ? 

Nickel-eleels 6ta 
Niobium 690 

Nithack j rocesB manganese 574 
Nitrates efieet ol on sine tlejio^illoii <20 
Nitric acid leach for lift (>41 G43 
Nitrogen dioside process Ktn 581 
Numbers atonue 710 

0 

Okazawa alumina process 12 
Ore bearlh smelting lead ores In 179 
Osmium poisoning 70o 
Osmium production 703 
Overpelt process sme sintering 447 
Oxide arse smelting of fere metab listel aepn 
rately) 

Oxide tfolatiUtaCAQ 649 
Oridised ores nickel recetery metluKls ru4 
Oxygen effects of oneoiper 274 
OxjgcTt-free copper 274 


Paobuca tank 390 
Pad aSoyi 27 

Pan BinalganiBtion pioceae S2S 530 
Parkea proceu lb 201 200-311 
Patting 27o 
aulphiute acid 270 
Patera process 337 519 
Patio process 517 52 j 
I stiinaon process 210 215 
I ederien process alumina 11 
lemakofl methol sliiitiina 10 
1 eroHa process beryllium 71 
Pi Igeon process sodium m 7u 81 
ImcliLake B C q ucksilier ) l>i t 508 
I lUl blende treatment of 010 
i Innt cost electrol) lie SI c 431 
quicksilv-r 504 
1 luiuig chromium 503 
nickel 610 

Platinum concentrates treatment of 701 
Platinum and iiidium lead separation of 704 
melting 704 
recovery from Au 287 
refimng 287 

Plattner process Au 520 551 
Plumbstes and plumbites 152 
Pohl6-Croasdale volatisstion process, 523 544 
Poieoniivs cyanide 3Sa 
mercury, 51S 
osmium 705 
ruthenium, 705 
Poling 253 674 
Polonium. 655 

Pope and Hahn process Cti 357 

The subject matter of the 


Port Colborne operations nickel refining Sg9 
Port Pirie Australia lead aoftener 196 19g 
Potanaiiim explosive CQiii[ound of 81 
metallurgy 81 
occtineoee 80 
Prtseoilytnium 690 
rrecipiunls for gol 1 sJuniinum 326 
carbon 320 
Widium amalgam 32G 
■odHim sul{5 hU 329 
sine S-’C 
sine dust 327 
sine shaving 327 

Precipitation of copper by eleelroljiis 350 
of gold by elecirobsis 335 
«ilfa hydrogen sulphide 3S9 
with iron 358 
with eulphur dioxide 350 
Pulp water and solids in 343 
Pulp formulas 341 
Purification Cu electrolyte, 207 
Zn eleclrtd) te 402 
lynteatnelimg 235 

Q 

Q ileksdver {see Mercury) 

n 

nadioaeiive elements C54 
aetiBium, 654 
meoothonum 654 
poloniuis 655 
radi^ead C55 
lUdielesd 655 
Tladium 637 
alkaline leach 043 
boding nR emaDation 650 
bromide proceas, 040 
eorootHe, 638 641 
electroecore 647 653 
fusion method for, Cofl 
I ydrurnonc aci 1 kach 044 

lead removal 046 
measurement of emanniion 648 
> letallurgy 637 
nature of, 639 
mine sod leach 641,643 
oecurrenee of 037 
pitebblende treatment 040 
peempitation of impurities 642 043 
refining operations 645 
a liming methods 644 
■ulphune acid leach 644 
uranium precipitation 643 
vanadium precipitation 643 
Rankin process Cu 355 
Red Devil Alaska quicksilver plant, 510 
Reduction process Cu 234 
Reed Mines Calif quicksilver plant S09 
Raeaa River ptocesa 340 
Refining ofantimonj 131 
ol blister copper 248 
of copper by electrolysis 204 
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ReSmng, of gold, 275 
of lead, 194 
of silver, 275 
of tin, 672, 675 

Regeneration, of copper electrolyte, 267 
of gold electrolj'te, 282 
of zinc electrolyte, 402 
Residual cyanide, decomposition of, 325 
Residue treatment, 440 

ash fusion, gas producer, 442 
gold residues, 277 
IVaolz process, 441, 464 
zinc, 438 

Retorts, for ferrosilicon Mg process, SO 
for mercury reduction, 476 
zinc, 450, 452 
charging, 456 

Reverberatory furnace, antimony, 120 
copper, 237 
lead, 177 
tin, 600 
Rhenium, 690 

RIgg method of zinc aiiiicring, 447 
Ri^don roasting piaetice, 389 
Roasting, antimony ores, 110 
fliloridiziug, 519, 557 
coiipcr, 229 

differential, of iron ami zinc. 389 

mercury ores, 470 

oxidizing, 221 

radium ores, 643 

sulphate, Zu, 392 

sulphatizing, G05 

tin, 064 

Roast-reaction process, 178 
Roitzheim-Remy furnace, zinc, 465 
Roscoelite, GIG 
Rossie air-coolcd hearth, 185 
Rotary furnaces, Hg, 488 
Rubidium, 690 
metallurgy, 85 
occurrence, 85 

production, prices, and uses, 85 
Russell process, Ag, 338 
Ruthenium, fumes, 705 
iridium separation, 703 
Ryerson process, manganese, 581 

S 

St. Joseph Lead Co., zinc process, 467 

Samarium, 690 

Sand and slime defined, 315 

Sardinia (Cortis Rosas), antimony sineRing, 115 

Scandium, 691 

Schlippcnbach roaster, zinc, 447 
Sclcron (alloy), 84 
Scotch ore hearth, 184 
Scott shelf furnace, 482 
Sea water, gold in, 296 
magnesia from, 47 
Segregation process, 543 
Selective sulphatizing, 605 
Selenium, 691 


Serpek process, alumina, 13 
bertung tanks, Hg, 499 
Shaker feeder, 487 
Shapeleys process, tungsten, 627 
Side hill retorts, Hg, 479 
Siemens and Halske process, Cu, 35-1 
Silicates (slags) defined, 228 
Silicon, effects of, on copper, 274 
Silumin, 27 

Silver, amalgamation processes, 332 
brine leaching, 530 
bullion refining, 279 
effect of, on copper, 274 
manganese-silver ore treatment, 535, 577 
Moebius process, 279 
precipitating from sulphate solutions, 277 
pure, 291 
refining, 279 

Simpson process, Ni, 605 

Sintered nickel oxide, 599 

Sintering zinc ore, 447 

Slag, spelter direct from, 468 

Slag-fuming recov'cry of zinc, 406, 442, 464, 468 

Slater process, 522 

Sfitnc treatment, copper, 220, 269, 378 
furnace, 224 
lead, 374 
Un, 225 

Sliming methods, Ra ores, 044 
Smelting (aee Blast furnace; Ore hearth, Rcvei- 
beratory furnace; Retorts; also metals listed 
separately) 

Sodium, 75 
alloys of, 79 
metallurgy, 75, 81 
occurrence, 74 
in Pidgeon process, 76 
prices, 79 
production, 79 
uses, 82 

in zinc electrolytes, 420 
Softening lead, 194 
Colcord process, 197 
dross from, 208 
furnaces for, 193 
Harris process, 197 
Soldering alloy’s, 38 
Solution purification, copper, 267 
gold, 282 
zinc refining, 402 

(Sec also Hydrometallurgy of copper) 
Solvents, for copper in ore, 350 
Soot machines, 500 
Specifications, pig lead, 145 
Spelter from slag, 468 

(See also Pyromctallurgy of zinc) 

Sperry electrolytic process, white lead, 150 
Split-draft roasting, 387 
Stack lines and stacks, Hg, 499 
Stainless steels, 560 
Starring of antimony, 124, 132 
Starting sheet manufacture, Cu, 258 
Ni. 600 


Scriw s>*8tcm of electroR-sis, 261 


Pb, 377 
Steels, chromium, 558 
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feteeU nickel 612 

stainless 500 
Stellite 558 
Stetefeld I'toeew 5^l 
Straiglit lino molding maclilne, Tb, JOO 
StnppiDg eijmpmtnt Zii. 418 
Strontium. 03 

inet8llurg\ elcctroljlic. 03 
thermal 93 

proiluction ami jincta ol. 93 
usee of 93 

Sublimed nhite lead 151 
bubsilicatca (elagi) detneil, 223 
Sulphate roaatme 222 338 392 4m £05 
Sulphate eolation rccoicry of eitvertroin 277 
Sulphatuing selective CUa 

Sulphide orra roasting and eineltiog (are luctaU 
bated separately) 

Sulphide-aulphate-oside reactiona 101, 1S2 
Sulphur ctfecia of on cojiper 274 
Sulphur BanV ICalil ) etuicVjil'er plaot, 509 
Sulphur dicblonde oa ehlonducr 54S 
Sulphur dioxide leaching (iOu 
buipburie-aeid Icachmg («re inclala luleO srinv 
rateb) 

f>iilphurkvai.ui pwtint 27ti 
''iimitonio alumina proetar, I- 
button Steele 5. Sietle iaMr<i 139 
SusuVi protean aliinuna. 12 
baeepa jeaclr} 226 

buinbome-^tfatrolt iirorraa 521 

S)lvits. flotation of, 81 


T 


l^a. Caveat process 517 
cbrniieal prtil>ertics of. 050 
cUoridiiing roast, OOo 
eofuumption. C59 
elsctrolytie refining C75 
flotation of ores, CCS 
grailee of, CIO 
leaching impuntm, CC5 

occurrente, 6>T 
ore prciiaratioii. summar). 666 
physical projiertiea of, 056 
tavea. 662 
refioing, C72, C75 
roasting ores, C64 
alag smelting 671 
anieliing 6C7 669 
world • production of 653 
Titanium 699 
Tone procem, alumina 14 
Top-and buttocn ■lueUtng oJ 7 
TrulUudaii process Zn. 465 
Tungsten 623 

snalyiicaf methoils for 030 
I il litHfraphy M6 
eoneentralion iiielbol*. 65b 
extraction from the ore, C.’i 
terrotunc'tc’'. 633 
nisialhe tun0ten. C.’O 
occurrence 633 
tungsten carbide 929 
uses of 639 

Turkey, Djisb Kaya mins, 133 


Taioton aoods 413 
oxide rotaldissuon 5d0 
sine proesM, 380 
Tanaka alumina process 13 
Tank room notes, Cu, 2u8-3C9 
Pt) 374 ago 
2n, *39 

Tanks electrolytie, arrangsment of. 259. 360 
gold hydrometallurg) 323 
mercury settling 499 
line, 409 


Tsiitaliiii 

Telluriuu 


1 694 
I 69o 


e. Koasliiig Zji 389 
Terbium 600 

Tetroxide of antimony preparation HO 
Thallium, 696 
Thede process, Zn, 472 
Thorium. 696 

concentration methods, 698 
metallic, 698 
loelallurgy , 697 

Thtee-ione hearth furnace, Hg, 491 
Thulium, 699 
Timonox, 107, 119 
Tm, 656 
alloys, 657 

analyses of principal brands 661 
assay TOethodi, 675 
bibliography, 679 
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Uranium 630 
analy-iical methods, 633 
concentration soethodt 631 
extraction Irotn the ores. 631 
ferrouranium. 632 
melallie uranium. 632 
oeeurrence 620 
preeiiHtatlon of. 643 
recovery of from Ha ores. 64* 
uses cf. 625 
Usher iiroccss 33 1 


Vadoer proccas, tiiangancac 574 

T anadium. 6 1 5 

analytical methods for. 620 
bibliograpby 636 
eattaction. 616, 6*1 
metalbe. 6tS 
oecurrcoce CIS 
ores. 616 
precipitation. 643 

roscoetite. 616 
uses of 619 

Veimaes Uestraent of Mn-^g ores 577 

\eitieal wheel casling machine 201 

\ictonum, 700 

Volatilisation processes for alununum 
650 534 
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Volatilization processes for aluminum chloride. Zinc, burning, 461 


lor antimony, 112, 114 
for chlorine, 544 
Voltage in zinc electrolysis, 420 

W 

Waelz process, 441, 464, 550 
Washer, gas, Long Dceley, 467 
Washoe process, 339 
Weaton-Najarian zinc condenser, 467 
Wedge furnace, Zn. 384, 385 
Weldon chlorine process, 572, 573, 575 
Wescott process, Ni, 605 
AVcstling process, manganese, 576 
Wet chlorine-gas processes, 551 
Wet methods for slime treatment, 225 
Wetherill process, Zn, 462 
White gold, 290 

Wilkins Poland process, Zn, 468 
WUm's alloys (Al), 26 
Wiluna gold mine, Australia, 135 
Wohlwill process, Au, 282 
Workmen in tank rooms, care of, 419 

y 

Y-aUoya<Al) 27 
Ytterberium, 700 
Yttrium, 700 

Z 

Ziervogel process, 338 
Zinc, 444 


cathode impurities, 427 
charging retorts, 456 
coal consumption, 454 
concentrate roasting, 393 
condensation, 455 
continuous distillation, 465 
distillation, 449, 465 
diying concentrates, 445 
dust collecting, 448 
fuming, 442, 461, 464, 468 
furnace types, 450 
furnace for zinc crust, 218 
metal drawing, 458 
N. J. Zinc Co., process, 466 
plant layout, 451 
reduction in retorts, 455 
refining, 460 
retort charging, 456 
retort residue, 459 
retorts, 450 
roasting, 445, 447 
St. Joseph Lead process, 467 
sintering ore, 447 
slag fuming, 442, 464, 468 
Trollhattan process, 465 
Waelz process, 441, 464 
Wetherill process, 462 
{See also Electrolytic zinc) 
Zinc crust, furnace for, 218 
treatment of, 208, 216 
Zinc dust, 432, 433, 468, 461 
as precipitant, 328, 403 
Zirconia crucibles, 325 
Zirconium, 699, 070 
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